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ABSTRACT 


Twelve  firings  of  the  Rocketdyne  J-2  rocket  engine  (S/N  2047)  were 
conducted  in  Test  Cell  J-4  of  the  Large  Rocket  Facility  on  March  27  and 
April  2  and  10,  1968.  These  firings  were  accomplished  during  test 
periods  J4- 1801-34,  J4- 1801-35,  and  J4- 1801-36  at  pressure  altitudes 
o.f  approximately  100,  000  ft  at  engine  start  to  investigate  S-IVB  (1)  first 
•burn  firings,  (2)  6-hr  orbital  coast  restart  simulation  firings,  (3)  80- 
min  orbital  coast  restart  simulation  firings,  and  (4)  a  partial  transition 
firing  to  evaluate  thrust  chamber  conditioning  temperature  effects  on 
engine  start  transients.  Engine  operation  was  satisfactorily  accomplished 
for, all  firings.  One  abort  resulted  when  a  leak  developed  in  the  diaphragm 
of  the  engine  pneumatic  regulator.  The  accumulated  firing  duration  for  the 
three  test  periods  was  205  sec.  The  total  firing  duration  of  this  engine  at 
AEDC  through  test  period  J4-1801-36  is  1141  sec  resulting  from  91  engine 
firings. 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J-2  rocket  engine  using  an  S-IVB  battle¬ 
ship  stage  has  been  in  progress  since  July  1966  at  AEDC  in  support  of 
the  J-2  engine  application  on  the  Saturn  IB'  and  Saturn  V  launch  vehicles 
for  the  NASA  Apollo  Program.  The  12  firings  reported  herein  were 
conducted  during  test  periods  J4- 1801-  34,  J4-  1801-  35',  and  J4- 1801- 36 
on  March  27  and  April  2  and  10,  1968,  respectively,  in  Propulsion 
Engine  Test  Cell  (J-4)  (Figs.  1  and  2,  Appendix  I)  of  the  Large  Rocket 
Facility  (LRF)  to  investigate  S-IVB  first  burn,  6-hr  orbital  coast  restart, 
and  80-min  orbital  coast  restart  simulation  firings.  These  firings  were 
accomplished  at  pressure  altitudes  of  approximately  100,  000  ft  (geometric 
pressure  altitude,  Z,  Ref.  1)  at  engine  start. 

Data  collected  to  accomplish  the  test  objectives  are  presented  here¬ 
in.  The  results  of  the  previous  test  period  are  presented  in  Ref.  2. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  rocket  engine  (S/N  2047)  (Fig.  3)  designed 
and  developed  by  Rocketdyne  Division  of  North  American  Rockwell  Cor¬ 
poration.  The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propel¬ 
lants  and  has  a  thrust  rating  of  230,  000  Ibf  at  an  oxidizer-to-fuel  mixture 
ratio  of  5.  5.  An  S-IVB  battleship  stage,  with  flight-type  S-IVB  stage  low 
pressure  propellant  supply  ducts,  was  used  to  supply  propellants  to  the 
engine.  A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this  test 
period  are  presented  in  Tables  I  and  II,  respectively  (Appendix  II).  Ail 
engine  modifications  and  component  replacements  performed  since  the 
previous  test  period  are  presented  in  Tables  III  and  IV,  respectively. 

2.1.1  J-2  Rocket  Engine 


The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  3)  features  the  following 
major  components: 

1.  Thrust  Chamber  -  The  tubular-  wall ed,  bell- shaped  thrust  cham¬ 
ber  consists  of  an  18.  6- in.  -diam  combustion  chamber  (8.  0  in. 


AEDC-TR-68-176 


long  from  the  injector  mounting  to  the  throat  inlet)  with  a 
characteristic  length  (L*)  of  24.  6  in.,  a  170.  4- in. 2  throat 
area,  and  a  divergent  nozzle  with  an  expansion  ratio  of  27.  1. 
Thrust  chamber  length  (from  the  injector  flange  to  the  nozzle 
exit)  is  107  in.  Cooling  is  accomplished  by  the  circulation  of 
engine  fuel  flow  downward  from  the  fuel  manifold  through  180 
tubes  and  then  upward  through  360  tubes  to  the  injector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric- 
orificed  (concentric  fuel  orifices  around  the  oxidizer  post 
orifices),  porous-faced  injector.  Fuel  and  oxidizer  injector 
orifice  areas  are  25.  0  and  16.  0  in.  2,  respectively.  The  porous 
material,  forming  the  injector  face,  allows  approximately  3.  5 
percent  of  total  fuel  flow  to  transpiration  cool  the  face  of  the 
injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion 
chamber.  The  augmented  spark  igniter  chamber  is  an  integral 
part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer  are 
ignited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two- stage 
turbine- stator  assembly,  an  inducer,  and  a  seven-stage  axial- 
flow  pump.  The  pump  is  self  lubricated  and  nominally  pro¬ 
duces,  at  rated  conditions,  a  head  rise  of  38,  215  ft  (1248  psia) 
of  liquid  hydrogen  at  a  flow  rate  of  8585  gpm  for  a  rotor  speed 
of  27,  265  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  turbine- stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self  lubricated  and  nominally  produces,  at 
rated  conditions,  a  head  rise  of  2170  ft  (1107  psia)  of  liquid 
oxygen  at  a  flow  rate  of  2965  gpm  for  a  rotor  speed  of  8688  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 
chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in¬ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
lead  to  the  gas  generator  combustion  chamber.  The  high  energy 
gases  produced  by  the  gas  generator  are  directed  to  the  fuel 
turbine  and  then  to  the  oxidizer  turbine  (through  the  turbine  cross¬ 
over  duct)  before  being  exhausted  into  the  thrust  chamber  at  an 
area  ratio  (A/At)  of  approximately  11. 
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7.  Propellant  Utilization  Valve  -  The  motor- driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 
pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 
propellants  trapped  between  the  battleship  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7258- in.  3  sphere  for  hydrogen  with  a 
1000- in. 3  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
source  for  spinning  the  propellant  turbopumps  during  engine 
start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 
oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine  in  order 
to  control  the  oxidizer-to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  which  bypass  the  oxidizer  turbine  are 
discharged  into  the  thrust  chamber. 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two-stage,  butterfly-type  valve  located  in  the  oxidizer 
high  pressure  duct  between  the  turbopump  and  the  main  injector. 
The  first- stage  actuator  positions  the  main  oxidizer  valve  at 

the  14-deg  position  to  obtain  initial  thrust  chamber  ignition;  the 
second- stage  actuator  ramps  the  main  oxidizer  valve  full  open 
to  accelerate  the  engine  to  main- stage  operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 
actuated  butterfly-type  valve  located  in  the  fuel  high  pressure 
duct  between  the  turbopump  and  the  fuel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

1,4.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 

15.  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 
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2.1.2  S-IVB  Battleship  Stage 

The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre¬ 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware  tem¬ 
peratures  near  normal  operating  levels  and  to  prevent  propellant  tem¬ 
perature  stratification.  Vent  and  relief  valve  systems  are  provided  for 
both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine- supplied  gaseous  hydrogen  for  fuel  tank 
pressurization  during  S-IVB  flight  was  routed  to  the  facility  vent  system. 


2.2  TEST  CELL 

Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed 
for  static  testing  of  liquid- propellant  rocket  engines  and  propulsion  sys¬ 
tems  at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction 
provides  a  1.  5-million-lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  chamber, 
100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the  test 
capsule  to  provide  exhaust  gas  cooling  and  dehumidification;  (3)  coolant 
water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen  (gaseous  and 
liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and  delivery  sys¬ 
tems  for  operation  of  the  cell  and  test  article;  and  (4)  control  building, 
containing  test  article  controls,  test  cell  controls,  and  data  acquisition 
equipment.  Exhaust  machinery  is  connected  with  the  spray  chamber  and 
maintains  a  minimum  test  cell  pressure  before  and  after  the  engine  firing 
and  exhausts  the  products  of  combustion  from  the  engine  firing.  Before 
a  firing,  the  facility  steam  ejector,  in  series  with  the  exhaust  machinery, 
provides  a  pressure  altitude  of  100,  000  ft  in  the  test  capsule.  A  detailed 
description  of  the  test  cell  is  presented  in  Ref.  4. 

The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser- steam  ejector  assembly. 
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This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  ce'nterbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  recovery 
of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pressure  alti¬ 
tude  (attained  by  the  steam  ejector)  during  the  engine  firing.  The  annular 
ejector  was  provided  to  suppress  steam  recirculation  into  the  test  cap¬ 
sule  during  steam  ejector  shutdown.  The  test  cell  was  also  equipped 
with  (1)  a  gaseous  nitrogen  purge  system  for  continuously  inerting  the 
normal  air  in-leakage  of  the  cell;  (2)  a  gaseous  nitrogen  repressuriza¬ 
tion  system  for  raising  test  cell  pressure,  after  engine  cutoff,  to  a  level 
equal  to  spray  chamber  pressure  and  for  rapid  emergency  inerting  of 
the  capsule;  and  (3)  a  spray  chamber  liquid  nitrogen  supply  and  distribu¬ 
tion  manifold  for  initially  inerting  the  spray  chamber  and  exhaust  duct¬ 
ing  and  for  increasing  the  molecular  weight  of  the  hydrogen- rich  exhaust 
products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen- helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  and  main 
oxidizer  valve  second-stage  actuator.  Helium  was  routed  internally 
through  the  crossover  duct  and  tubular- walled  thrust  chamber  and  exter¬ 
nally  over  the  main  oxidizer  valve  second- stage  actuator. 

2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised  of 
(1)  flight  instrumentation  for  the  measurement  of  critical  engine  param¬ 
eters  and  (2)  facility  instrumentation  which  was  provided  to  verify  the 
flight  instrumentation  and  to  measure  additional  engine  parameters.  The 
flight  instrumentation  was  provided  and  calibrated  by  the  engine  manu¬ 
facturer;  facility  instrumentation  was  initially  calibrated  and  periodically 
recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all  measured  test 
parameters  and  the  locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain- gage-type  pres¬ 
sure  transducers.  Temperature  measurements  were  made  using 
resistance  temperature  transducers  and  thermocouples.  Oxidizer  and 
fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pickup.  Fuel  and 
oxidizer  flow  rates  to  the  engine  were. measured  by  turbine-type  flow¬ 
meters  which  are  an  integral  part  of  the  engine.  The  propellant 
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recirculation  flow  rates  were  also  monitored  with  turbine-type  flow-,, 
meters.  Vibrations  were  measured  by  accelerometers  mounted  on  : 
the  oxidizer  injector  dome  and  on  the  turbopumps.  Primary  engine  , 
and  stage  valves  were  instrumented  with  linear  potentiometers  and.  i.... 
limit  switches.  r  -s-- 

■  '  . tii.' 

The  data  acquisition  systems  were  calibrated  by  (1)  precision 
electrical  shunt  resistance  substitution  for  the  pressure  transducers 
and  resistance  temperature  transducer  units;  (2)  voltage  substitution^ 
for  the  thermocouples;  (3)  frequency  substitution  for  shaft  speeds  and  , 
flowmeters;  and  (4)  frequency-voltage  substitution  for  accelerometers^ 

5xJl 

The  types  of  data  acquisition  and  recording  systems  used  during 
this  test  period  were  (1)  a  multiple- input  digital  data  acquisition. system 
(MicroSADIC®)  scanning  each  parameter  at  40  samples  per  secondhand, 
recording  on  magnetic  tape;  (2)  single- input,  continuous- recording  EM 
systems  recording  on  magnetic  tape;  (3)  photographically  recording. 
galvanometer  oscillographs;  (4)  direct- inking,  null-balance  potentiometer- 
type  X-Y  plotters  and  strip  charts;  and  (5)  optical  data  recorders.  -  Appli¬ 
cable  systems  were  calibrated  before  each  test  (atmospheric  and  altitude 
calibrations).  Television  cameras,  in  conjunction  with  video  tape  re-  , 
corders,  were  used  to  provide  visual  coverage  during  an  engine  firing,, 
as  well  as  for  replay  capability  for  immediate  examination  of  unexpected 
events.  . 

•  i’.'J'. 

2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems1' 
during  the  terminal  countdown  was  provided  from  the  test  cell  control'  ’ 
room.  A  facility  control  logic  network  was  provided  to  interconnect  'the 
engine  control  system,  major  stage  systems,  the  engine  safety  cutoff 
system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The 
sequence  of  engine  events  for  a  normal  start  and  shutdown  is  presented 
in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage  prevalves 
and  recirculation  systems  with  engine  start  for  simulating  engine  flight 
start  sequences  are  presented  in  Figs.  7c  and  d. 


SECTION  III 
PROCEDURE 


Preope rational  procedures  were  begun  several  hours  before  the  ' 
test  period.  All  consumable  storage  systems  were  replenished,  and 
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engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were"‘taken  to  ensure  that  specification  requirements  were  met.  Chemi¬ 
cal  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24-hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 
Affinal  engine  sequence  check  was  conducted  immediately  preceding  the 
test  period. 
i*.-i 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  chamber 
jacket  purges  were  initiated  before  evacuating  the  test  cell.  After  com¬ 
pletion  of  instrumentation  calibrations  at  atmospheric  conditions,  the  test 
cell; ‘was  evacuated  to  approximately  0.  5  psia  with  the  exhaust  machinery, 

■  and  instrumentation  calibrations  at  altitude  conditions  were  conducted. 
Immediately  before  loading  propellants  on  board  the  vehicle,  the  cell  and 
'exh'aust- ducting  atmosphere  was  inerted.  At  this  same  time,  the  cell 
nitrogen  purge  was  initiated  for  the  duration  of  the  test  period,  except 
for"the  engine  firing.  The  vehicle  propellant  tanks  were  then  loaded, 

‘‘ and ‘the  remainder  of  the  terminal  countdown  was  conducted.  Tempera¬ 
ture  conditioning  of  the  various  engine  components  was  accomplished  as 
required,  using  the  facility- supplied  engine  component  conditioning 
system.  Engine  components  which  required  temperature  conditioning 
were  the  thrust  chamber,  the  crossover  duct,  and  main  oxidizer  valve 
second- stage  actuator.  Table  V  presents  the  engine  purges  and  thermal 
conditioning  operations  during  the  terminal  countdown  and  immediately 
following  the  engine  firing. 

.SECTION  IV 

RESULTS  AND  DISCUSSION 

u'-.i  ■  ■ 

t  ■ 

4.1,, TEST  SUMMARY 

Twelve  firings  of  the  J-2  rocket  engine  were  conducted  during  tests 
J4- 1801-34,  J4- 1801-35,  and  J4-  1801- 36  on  March  27  and  April  2  and 
10,  1968,  respectively,  for  a  total  firing  duration  of  204.  7  sec.  These 
firings  were  in  support  of  the  S-IVB/S-V  J-2  engine  developmental  pro¬ 
gram.  Engine  components  were  thermally  conditioned  to  temperatures 
predicted  for  S-IVB/S-V  first  burns,  80-min  one-orbit  coast  restarts, 
and  6- hr  orbital  coast  restarts.  A  propellant  utilization  valve  excursion 
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from  null  to  the  full-closed  position  (nominal  oxidizer-to-fu'el  mixture 
ratio  change  from  5.  0  to  5.  5)  at  tQ  +  10  sec  was  accomplished  on  first 
burn  simulation  firings  and  from  the  open  position  to  full-closed  posi¬ 
tion  (nominal  oxidizer- to-fuel  mixture  ratio  change  from  4.  5  to  5.  5) 
on  6-hr  orbital  coast  restarts.  All  80-min  one-orbit  coast  restarts 
were  accomplished  with  the  propellant  utilization  valve  in  the  full- open 
position.  Test  requirements  and  specific  test  results  are  summarized 
in  Table  VI.  Start  and  shutdown  times  of  selected  engine  valves  are 
presented  in  Table  VII.  The  pump  inlets,  start  tank,  and  helium  tank 
pressure  and  temperature  conditions  at  engine  start  are  shown  in  Fig.  8. 

Test  period  J4-  1801-34  included  two  S-IVB  restart  couples  (each 
couple  consisting  of  a  first  burn  and  an  80-min  orbital  coast).  A  fifth 
test  (firing  34C)  was  terminated  prematurely  by  an  erroneous  engine 
vibration  safety  cutoff  (VSC)  that  resulted  from  a  broken  electrical 
connector  to  an  engine  accelerometer.  Only  two  of  five  scheduled  firings 
were  conducted  during  test  period  J4- 1801-35.  The  engine  pneumatic 
regulator  failed  on  the  J4-1801-35C  attempt,  and  remaining  scheduled 
firings  were  cancelled.  The  pneumatic  regulator  was  replaced  before 
test  36;  an  inspection  of  the  faulty  regulator  indicated  a  leaky  diaphragm. 
All  firings  of  J4- 1801-36,  consisting  of  two  S-IVB  restart  couples  (the 
first  couple  consisted  of  a  6-hr  orbital  coast  restart- followed  by  an  80- 
min  orbital  coast  restart;  the  second  couple  consisted  of  a  first  burn  and 
an  80-min  orbital  coast  restart)  and  one  partial  transition  S-IVB  first 
burn,  were  successfully  completed. 

Specific  test  objectives  and  a  brief  summary  of  results  obtained  for 
each  firing  are  presented  as  follows: 

Firing  _ Object  ives _ 

34A  Conduct  a  32.  5- sec  S-IVB 
first  burn  simulation  firing 
to  evaluate  effects  of  (1) 
maximum  start  energy,  (2) 
minimum  fuel  pump  inlet 
pressure,  and  (3)  warmest 
expected  thrust  chamber  on 
the  augmented  spark  igniter 
and  gas  generator  tempera¬ 
ture  transients. 


Results 


This  firing  was  satisfactorily 
completed  with  no  apparent 
augmented  spark  igniter  cham¬ 
ber  erosion.  The  gas  genera¬ 
tor  outlet  temperature  initial 
peak  was  1645°F  with  a  1700°F 
second  peak. 
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F  iring  _ Objectives _ 

34B  Conduct  a  7.  5- sec  S-IVB 
■  80-min  restart  simulation 
firing  to  evaluate  engine 
transients  with  start  tank 
conditions  expected  with 
a  narrow  band  start  tank 
relief  valve. 

34C  Conduct  a  32.5-sec  S-IVB 
first  burn  with  require¬ 
ments  selected  for  com¬ 
parison  with  firing  34A  to 
evaluate  the  effect  of  a  175°F 
colder  thrust  chamber  tem¬ 
perature  on  engine  start 
transient. 


34D  Conduct  a  32.  5-sec  S-IVB 
first  burn  simulation  fir¬ 
ing  with  requirements 
selected  for  comparison  with 
firing  34A  to  evaluate  the 
effect  of  150  psi  lower  and 
60°F  warmer  start  tank  con¬ 
ditions  at  engine  start. 

34E  Conduct  a  7.  5- sec  S-IVB 
80-min  restart  firing  with 
requirements  selected  for 
comparison  with  firing  34B 
to  evaluate  the  effect  of  a 
50°F  colder  start  tank 
temperature. 


35A  Conduct  a  32.5-sec  S-IVB 
first  burn  simulation  to 
evaluate  engine  start 


_ Results _ 

The  firing  was  satisfactorily 
conducted  at  the  specified 
start  conditions.  Engine 
transient  operation  appeared 
normal. 


An  erroneous  indication  of 
excessive  engine  vibration 
caused  a  premature  termina¬ 
tion  at  tp  +  2.  7  sec.  The 
excessive  vibration  indication 
was  caused  by  a  broken  con¬ 
nector  on  an  accelerometer. 
Transient  data  indicated  a  370 
deg  higher  gas  generator  out¬ 
let  temperature  and- 30  msec 
longer  engine  vibrations  with 
the  colder  thrust  chamber. 

The  fil  ing  was  satisfactorily 
conducted  at  the  reduced  start 
tank  energy.  The  gas  genera¬ 
tor  outlet  temperature,  initial 
and  second  peaks,  was  85  and 
210°F  lower  on  firing  34D.  No 
adverse  engine  transient  opera¬ 
tion  was  observed. 

The  firing  was  satisfactorily 
conducted  at  the  reduced  start 
tank  temperature.  The  initial 
gas  generator  outlet  tempera¬ 
ture  was  225°F  higher  on  fir¬ 
ing  34E;  the  second  peak  was 
40°F  lower  on  firing  34E.  The 
engine  exhibited  a  faster  build¬ 
up  to  steady  state  on  firing  34E. 

The  firing  was  successfully 
conducted.  Engine  vibrations 
were  recorded  for  24  msec  at 
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Firing  _ Objectives _ 

35A  transient  and  thrust 

(Con't)  chamber  instability  at 

start  tank  conditions  of 
1400  psia  and  -140°F  and 
minimum  thrust  chamber 
temperature. 


35B  Conduct  a  7. 5-sec  S-IVB 
80- min  restart  simulation 
firing  to  evaluate  engine 
start  transients  with  mini¬ 
mum  start  tank  energy 
expected  with  a  selected 
narrow  band  start  tank  re¬ 
lief  valve. 


35C  Conduct  a  32.5-sec  S-IVB 

first  burn  with  requirements 
selected  for  comparison  with 
firing  35A  to  evaluate  the 
effect  of  a  60°F  colder  start 
tank  and  increased  fuel  pump 
inlet  pressure  on  engine 
start  transient  and  thrust 
chamber  instability. 

36A  Conduct  a  32.5-sec  S-IVB 

6-hr  orbital  coast  restart 
simulation  to  evaluate  start¬ 
ing  characteristics  at  low 
energy  conditions. 


36B  Conduct  a  7.  5- sec  S-IVB 
80-min  restart  simulation 
firing  to  evaluate  engine 
transients  with  narrow  band 
start  tank  relief  valve. 


_ Results _ 

chamber  ignition,  a  relatively 
short  duration.  The  gas  gen¬ 
erator  outlet  temperature 
initial  and  second  temperature 
peaks  were  1915  and  1435°F, 
respectively. 

The  80-min  restart  simulation 
firing  was  successfully  con¬ 
ducted.  Engine  transient  data 
indicated  normal  and  satis¬ 
factory  operation. 


This  firing  attempt  was  aborted 
when  the  engine  helium  regu¬ 
lator  failed. 


The  firing  was  successfully 
conducted.  The  initial  gas 
generator  outlet  temperature 
was  880°F,  the  lowest  peak 
recorded  for  J-2  engine  opera¬ 
tion  at  AEDC  to  date.  In  addi¬ 
tion,  engine  chamber  pressure 
buildup  to  550  psia  occurred  at 
tg  +  2.  8  sec,  the  longest  to 
date. 

The  firing  was  successfully  con¬ 
ducted  at  the  specified  condi¬ 
tions  except  that  turbine  hard¬ 
ware  temperature  was  2°F 
below  specified  limits  at  engine 
start.  Engine  transient  opera¬ 
tion  appeared  normal  and 
satisfactory. 
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Firing 

Objectives 

Results 

36C 

Conduct  a  7.  5- sec  S-IVB 
first  burn  simulation  to 
evaluate  augmented  spark 
igniter  and  gas  generator 
temperature  transients 
using  maximum  start  tank 
energy  and  fuel  pump  in¬ 
let  pressure. 

All  objectives  of  this  firing 
were  accomplished.  A 
relatively  high  gas  generator 
outlet  temperature  peak  of 
2140°F  was  recorded;  no  aug¬ 
mented  spark  igniter  chamber 
erosion  was  noted  after  the 
test  period. 

36D 

Conduct  a  7.  5- sec  S-IVB 

80 -min  restart  simulation 
firing  with  requirements 
selected  for  comparison 
with  firing  36B  to  evaluate 
effect  of  100  psi  higher  and 

5°F  colder  start  tank  con¬ 
ditions. 

Objectives  of  this  firing  were 
accomplished.  The  gas  gen¬ 
erator  outlet  temperature, 
initial  peak,  was  2160°F,  190°F 
higher  than  recorded  on  firing 
36B.  Engine  buildup  time  to 
steady  state  was  less  for  firing 
36D. 

36E 

Conduct  a  1.  1-sec  partial 
transition  firing  to 
evaluate  thrust  chamber 
temperature  effect  on 
engine  start  transient 
(particularly  low  level  stall 
margin)  and  for  relief  of 
launch  constraint. 

No  fuel  pump  stall  tendencies 
were  noted  with  a  0°F  thrust 
chamber  temperature  and 

3- sec  fuel  lead.  All  objectives 
were  accomplished. 

The  presentation  of  the  test  results  in  the  following  sections  will 
consist  of  a  discussion  of  selected  engine  firings  with  pertinent  compari¬ 
sons  and  analysis.  Start  and  shutdown  transients  for  each  firing  are  pre¬ 
sented  in  Figs.  9  through  56.  All  data  presented  were  recorded  on  the 
digital  data  acquisition  system,  except  as  noted. 

A  momentary  delay  during  the  initial  gas  generator  outlet  tempera¬ 
ture  rise  was  observed  on  three  one-orbit  restart  firings  (34B,  34E,  and 
36B)  and  two  S-IVB  first  burns  (firings  34A  and  35A).  An  investigation  of 

engine  operation  failed  to  indicate  a  logical  reason  for  the  irregular  tem¬ 
perature  rise.  One  of  the  two  gas  generator  outlet  temperature  sensors 
was  found  eroded  after  test  36  and  was  replaced.  A  checkout  of  the  probe 
at  ambient  conditions  indicated  normal  resistance.  It  appears  that  at 
cryogenic  conditions,  abnormal  resistance  developed  in  the  probe  pro¬ 
ducing  an  erroneous  temperature  indication.  However,  for  the  tests  re¬ 
ported  herein,  the  gas  generator  outlet  temperatures  followed  an  expected 
trend,  indicating  that  if  a  bias  exists,  it  is  repeatable. 
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4.2  START  TRANSIENT  INVESTIGATION 

The  following  sections  are  devoted  to  an  investigation  of  the  effects 
that  various  starting  conditions  have  on  engine  transient  operation. 
Specific  conditions  that  affect  the  engine  transient  and  are  investigated 
herein  include  (1)  thrust  chamber  conditioning  temperature,  (2)  start 
tank  temperature,  (3)  start  tank  pressure,  and  (4)  fuel  pump  NPSH. 

For  each  comparison,  the  start  conditions  are  similar  except  for  the 
variable  involved,  or  as  noted;  where  possible,  the  effect  that  the 
variable  has  on  first  burn  simulation  firings  is  first  shown,  followed  by 
a  discussion  of  the  effect  on  80-min  restart.  A  discussion  of  engine 
start  transient  for  a  low  energy  S-IVB  6-hr  orbital  coast  restart  and  a 
partial  transition  firing  conducted  with  a  0°F  thrust  chamber  tempera¬ 
ture  is  also  included. 

4.2.1  Thrust  Chamber  Temperature  Effect  on  Start  Transient 


4.2.1. 1  S-IVB  First  Burn 

Firings  34C,  34A,  and  36E  were  conducted  with  thrust  chamber 
throat  temperatures  of  -239,  -85,  and  -8°F,  respectively,  at  engine 
start  and  are  compared  in  Fig.  57.  The  average  thrust  chamber  con¬ 
ditioning  temperatures  at  both  engine  start  and  start  tank  discharge 
valve  solenoid  energized  (t0),  gas  generator  outlet  temperature  (initial 
peak),  thrust  chamber  ignition  time,  and  engine  vibration  duration  are 
summarized  as  follows: 


Firing 

Average  Thrust 
Chamber  Temp¬ 
erature,  Engine 
Start  and  tg,  °F 

Gas  Generator 
Outlet  Temp¬ 
erature,  Initial 
Peak,  °F 

Thrust  Chamber 
Ignition  Time, 
sec 

Engine 
Vibrat  ion 
Duration, 

msec 

34C 

-289/ -358 

2015 

t0  +  0.  982 

47 

34A 

-111/- 184 

1645 

tQ  t  0.  957 

17 

36E 

-14/-91 

1585 

to  +  0.  975 

— 

The  warmer  thrust  chamber  temperature  provided  higher  fuel  system 
resistance,  increasing  the  initial  fuel  pump  discharge  pressure  and  gas 
generator  power.  The  three  firings  exhibited  an  average  of  1.  5°F  in¬ 
crease  in  the  gas  generator  outlet  temperature  initial  peak  for,  each  1°F 
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decrease  in  the  thrust  chamber  body  temperature.  No  significant 
second  peaks  were  observed.  Engine  thrust  chamber  pressure  buildup 
rate  was  faster  with  the  warmer  thrust  chamber  because  of  increased 
gas  generator  power.  No  engine  vibrations  (VSC)  were  experienced 
with  the  warmest  thrust  chamber  on  firing  36E. 

The  fuel  pump  head-flow  start  transient  performance  for  the  three 
firings  is  compared  with  the  stall  inception  line  in  Fig.  58.  The  stall 
margin  increased  as  the  thrust  chamber  temperature  was  decreased. 
The  stall  margin,  however,  was  conservative  in  each  case. 

4. 2.1. 2  S-IVB  80-min  Orbital  Coast  Restart  Simulation  Firing 


Average  thrust  chamber'body  temperature  at  engine  start  for  fir¬ 
ings  36D  and  34E  was  -210  and  +56°F;  when  start  tank  discharge  valve 
solenoid  energized,  after  an  8-sec  fuel  lead,  average  thrust  chamber 
body  temperature  was  -362  and  -200°F,  respectively.  As  shown  in 
Fig.  59,  the  gas  generator  outlet  temperature,  initial  peak,  was  lowered 
by  the  warmer  thrust  chamber.  An  initial  peak  of  2160°F  was  experi¬ 
enced  on  firing  36D  with  the  colder  thrust  chamber;  no  second  peak  was 
observed.  With  a  162°F  warmer  thrust  chamber  on  firing  34E,  an  initial 
peak  of  1905°F  was  observed,  with  a  second  peak  of  1880°F.  The  tur¬ 
bine  component  temperature  averaged  22°F  warmer  (average  of  TFTD-2, 
-3,  and  -8)  on  firing  36D  which  would  contribute  some  to  the  higher  gas 
generator  outlet  temperature  initial  peak  on  firing  36D.  These  two  S-IVB 
restart  firings  exhibited  a  1.  6°F  increase  in  the  gas  generator  outlet 
temperature  initial  peak  for  each  1°F  decrease  in  thrust  chamber  body 
temperature. 

The  main  oxidizer  valve  second- stage  initial  opening  movement 
occurred  150  msec  sooner  on  firing  36D  then  on  firing  34E.  The  main 
oxidizer  valve  was  reorificed  before  test  36  to  reduce  the  second- stage 
sequence  ramp  time  by  about  30  msec.  In  addition,  with  the  warmer 
thrust  chamber  on  firing  34E,  a  higher  fuel  weight  flow  is  supplied  to 
the  gas  generator.  This  provided  a  higher  gas  generator  power  and  in¬ 
creased  the  oxidizer  pump  discharge  pressure.  The  increased  discharge 
pressure  created  a  hydraulic  torque  that  reacted  against  the  main  oxidizer 
valve  pneumatic  opening  pressure  and  delayed  the  initial  second-stage 
opening  time.  The  gas  generator  outlet  temperature,  second  peak,  ob¬ 
served  on  firing  34E  resulted  from  the  delayed  second- stage  movement. 
Thrust  chamber  ignition  occurred  at  tQ  +  0.  953  and  0.  957  sec,  re¬ 
spectively,  for  firings  34E  and  36D.  This  initiated  the  mechanism  for 
reducing  the  gas  generator  initial  temperature  peak  at  about  the  same 
time. 
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Fuel  pump  start  transient  head-flow  performance  for  the  two  thrust 
chamber  temperature  conditions  is  compared  with  the  stall  inception 
line  in  Fig.  60.  As  can  be  observed,  the  stall  margin  was  more  con¬ 
servative  with  the  colder  thrust  chamber  until  main  chamber  ignition. 
After  thrust  chamber  ignition,  until  about  tg  +  1.3  sec,  a  more  conserv¬ 
ative  stall  margin  was  observed  with  the  warmer  thrust  chamber. 

The  duration  of  engine  vibrations  (VSC)  was  much  longer  with  the 
colder  thrust  chamber.  Approximately  110  msec  was  observed  on 
firing  36D  with  the  cold  chamber;  on  firing  34E,  a  duration  of  5  msec 
was  recorded  with  a  warmer  chamber. 

4.2.2  Start  Tank  Gas  Temperature  Effect  on  Start  Transient 

The  effect  of  start  tank  gas  temperature  depends  to  a  large  extent 
on  the  turbine  crossover  duct  temperature.  The  greater  the  tempera¬ 
ture  differential  between  the  start  tank  gas  and  crossover  duct,  the 
higher  the  energy  imparted  to  the  start  tank  gas  during  discharge.  The 
ratio  of  oxidizer/fuel  turbopump  energy  supply  is  consequently  raised, 
resulting  in  an  increased  oxidizer-to-fuel  flow  to  the  gas  generator  and 
thrust  chamber. 

4.2.2.1  S-IVB  First  Burn 

The  effects  on  engine  operation  of  -201  and  -136°F  start  tank  gas 
temperature  (firings  34C  and  35A,  respectively)  are  shown  in  Fig.  61. 

The  crossover  duct  temperature  was  ambient  for  both  firings  but  was 
40*F  warmer  on  firing  34C  (as  indicated  by  TFTD-3).  Although  a  com¬ 
parison  of  the  initial  gas  generator  outlet  temperature  peak  indicates 
about  100°F  higher  for  firing  34C  with  the  colder  start  tank  gas  tempera¬ 
ture,  two  other  factors  exist  that  contribute  some  to  this  difference. 

First,  the  thrust  chamber  body  average  temperature  at  tQ  was  18°F 
colder  on  firing  34C,  which  would  tend  to  increase  the  initial  peak 
approximately  30°F  (see  Section  4.  2.  1).  Second,  the  crossover  duct 
temperature  was  40°F  warmer  on  firing  34C,  which  would  also  tend  to 
increase  the  initial  peak.  Since  these  two  differences  exist,  a  direct 
comparison  of  start  transients  would  not  be  valid.  However,  it  can  be 
observed  that  the  start  tank  temperatures  used  for  these  two  firings  had 
little  effect  on  the  gas  generator  outlet  temperature,  initial  peak,  with 
ambient  temperature  turbine  hardware. 

Thrust  chamber  ignition  occurred  22  msec  sooner  on  firing  34C 
with  the  colder  start  tank  gas  temperature  (chamber  ignition  times  were 
0.  982  and  1.  004  on  firings  34C  and  35A,  respectively).  Engine  vibrations 
(VSC)  recorded  for  the  two  firings  were  47  and  24  msec  on  firings  34C 
and  35 A,  respectively. 
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Fuel  pump  head-flow  start  transient  performance  for  these  two 
firings  is  compared  with  the  stall  inception  line  in  Fig.  62.  The  high 
level'  stall  margin  was  more  conservative  with  the  colder  start  tank 
on' firing  34C. 

,  /  i*  *. 

'4.2.2.2  S-IVB  80-min  Orbital  Coast  Restart  Simulation  Firing 

The  effects  on  engine  transient  operation  of  -268  and  -216°F  start 
tank  temperature  (firings  34E  and  34B,  respectively)  with  warm  cross¬ 
over  duct  temperatures  are  shown  in  Fig.  63.  The  gas  generator 
initial  temperature  peak  on  firing  34E  was  1905°F  with  the  colder  start 
tank  gas;  the  initial  peak  on  firing  34B  was  1680°F,  225°F  lower  with 
the  warmer  start  tank  gases.  The  crossover  duct  temperature  (as  in¬ 
dicated  by  TFTD-3)  was  5°F  warmer  on  firing  34B  but  would  contribute 
only  a  very  small  percentage  to  the  difference  observed  between  the  two 
initial  temperature  peaks.  These  firings  indicate  a  4.  3°F  increase  in 
the  gas  generator  outlet  temperature,  initial  peak,  for  a  1°F  decrease  in 
start  tank  temperature.  Main  chamber  ignition  occurred  at  tg  +  0.  953 
and  0.  974  sec  for  firings  34E  and  34B,  respectively,  21  msec  sooner  with 
the  colder  start  tank  gases.  The  higher  gas  generator  outlet  temperature 
and  faster  thrust  chamber  ignition  time  with  colder  start  tank  gas  con¬ 
ditions  result  from  a  higher  initial  total  energy  in  the  start  tank  and  in¬ 
creased  energy  transfer  to  the  gases  from  warm  turbine  hardware  during 
discharge.  Both  firings  exhibited  a  second  peak  gas  generator  outlet 
temperature,  with  values  of  1920  and  1880°F  recorded  on  firings  34B  and 
34E,  respectively. 

Start  transient  fuel  pump  head-flow  performance  for  these  two  firings 
is  compared  with  the  stall  inception  line  in  Fig.  64.  As  can  be  observed, 
there  is  little  difference  in  the  stall  margin,  and  the  margin  is  extremely 
conservative  in  each  case. 

The  duration  of  engine  vibrations  (VSC)  was  relatively  short  for  each 
firing.  Approximately  7  msec  was  recorded  on  firing  34B,  and  5  msec 
on'firing  34E. 

4.2.3  Start  Tank  Pressure  Effect  on  Start  Transients 
4.2.3. 1  S-IVB  First  Burn 


This  series  of  tests  did  not  include  two  first  burn  firings  with  start 
tank  pressure  as  the  only  variable.  However,  a  start  tank  pressure 
gain  factor  for  an  S-IVB  first  burn  was  investigated  and  reported  on  in  a 
previous  report  (Ref.  5).  In  this  report,  it  was  noted  that  a  147-psia 
increase  in  start  tank  pressure  resulted  in  a  240°F  increase  in  the  gas 
generator  outlet  temperature,  initial  peak. 
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4.2.3. 2  S-IVB  80-min  One-Orbit  Restart 

Firings  35B  and  34B  were  conducted  with  start  tank  pressures  of 
1174  and  1294  psia,  respectively,  to  investigate  the  pressure  effects 
on  the  engine  starting  transient.  Start  tank  temperatures  were  -209 
and  -216°F,  respectively,  on  firings  35B  and  34B.  As  shown  in  Fig.  65, 
the  increased  energy  supply  to  the  fuel  and  oxidizer  pumps  with  higher, 
start  tank  pressure  increased  the  start  transient  pump  discharge  pres¬ 
sures.  The  resulting  increase  in  oxidizer  flow  rate  to  the  main  cham¬ 
ber  reduced  the  thrust  chamber  ignition  time  by  24  msec.  The  gas  . 
generator  outlet  temperature  initial  peak  was  1680°F  on  firing  34B  with 
the  higher  start  tank  pressure  and  slightly  lower  at  1620°F  on  firing  35B 
with  lower  start  tank  pressure.  (This  same  trend  of  increasing  gas 
generator  outlet  initial  temperature  peaks  with  higher  start  tank  pres¬ 
sures  was  experienced  on  firings  J4-1801-8B  and  J4- 1801-8D,  Ref.  6.) 
These  firings  exhibit  a  0.  5°F  increase  in  gas  generator  outlet  tempera¬ 
ture,  .  initial  peak,  for  1-psi  increase  in  start  tank  pressure.  A  gas 
generator  second  temperature  peak  of  1920°F  occurred  on  firing  34B  and 
1639°F  on  firing  35B,  a  2.  3°F  increase  per  1-psi  increase  in  start  tank 
pressure.  The  main  oxidizer  valve  second- stage  initial  movement  time 
was  delayed  on  firing  34B  because  of  a  higher  oxidizer  pump  discharge 
pressure  which  increased  hydraulic  torque  and  caused  a  higher  second 
peak. 


A  comparison  of  start  transient  fuel  pump  head-flow  performance  . 
for  the  two  firings  is  shown  in  Fig.  66.  The  stall  margin  was  conservative 
in  each  case,  but  more  so  on  firing  34B  with  higher  start  tank  pressure 
because  of  a  higher  fuel  pump  discharge  pressure  and  increased  fuel  flow. 

Engine  vibrations  (VSC)  were  recorded  for  a  short  time  on  each  fir¬ 
ing.  Approximately  7  and  5  msec  of  vibrations  were  observed  on  firings 
34B.and  35B,  respectively. 

4.2.4  Fuel  Pump  NPSH  Effects  on  Start  Transient 

Firings  34C  and  36C  were  conducted  with  almost  identical  start 
conditions  except  that  fuel  pump  NPSH  was  310  ft  on  firing  34C  and 
710  ft  on  firing  36C.  The  prevalve  start  sequence  was  different  for  the 
two  firings  (auxiliary  on  firing  34C  and  normal  on  firing  36C),  but  at 
engine  start  all  conditions  were  comparable.  A  comparison  of  selected 
parameters  during  the  start  transient  is  presented  in  Fig.  67.  The  fuel 
pump  head-flow  coefficient  data  presented  in  Fig.  67e  indicate  less  pro¬ 
nounced  pump  cavitation  tendencies  during  the  start  transient  of  firing 
36C.  The  initial  gas  generator  outlet  temperature  was  2015  and  2140°F, 
respectively,  on  firings  34C  and  36C. 
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Normally,  a  higher  peak  would  be  expected  with  lower  NPSH 
valves.  However,  in  the  present  case,  the  higher  gas  generator  peak 
temperature  occurred  with  .the  higher  of  the  two  NPSH  valves.  The 
reason  for  this  unexpected  trend  is  not  readily  apparent. 

Thrust  chamber  ignition  occurred  at  tg  +  0.  982  and  0.  980  sec  on 
firings  34C  and  36C,  respectively.  The  main  oxidizer  valve  second- 
stage  ramp  began  20  msec  sooner  on  firing  36C.  Engine  vibrations 
(VSC)  were  recorded  for  47  msec  on  firing  34C  and  for  36  msec  on 
firing  36C.  Fuel  pump  start  transient  performance  for  firings  34C 
and '36 C  is  compared  with  the  stall  inception  line  in  Fig.  68.  A  more 
conservative  stall  margin  was  observed  on  firing  36C. 

4.2.5  S-IVB  6-hr  Orbital  Coast  Restart 


' '  Firing  36A  was  conducted  to  evaluate  engine  start  transients  for 
a  low  energy  S-IVB  6-hr  orbital  coast  restart.  Engine  start  conditions 
that  provided  the  low  energy  included  (1)  an  open  propellant  utilization 
valve,  (2)  a  cold  thrust  chamber  body,  (3)  low  start  tank  energy,  and 
(4)  cold  turbine  hardware.  Selected  parameters  during  engine  start  are 
presented  in  Fig.  38.  Engine  thrust  chamber  pressure  buildup  time  was 
extremely  slow;  main- stage  pressure  switch  number  2  was  actuated  at 
tg  +  2.  121  sec,  and  a  550-psia  chamber  pressure  was  attained  at 
tg  +  2.  800  sec,  the  slowest  chamber  pressure  buildup  observed  for  J-2 
engine  testing  at  AEDC  to  date.  The  gas  generator  outlet  temperature 
peaked  at  880°F  during  the  initial  start  transient  and  is  the  minimum 
start  transient  temperature  peak  observed  to  date  during  testing  at  AEDC. 
A  direct  comparison  of  firing  36A  with  previous  S-IVB  6-hr  restarts  in 
other  test  series  would  be  invalid  because  of  changes  made  in  the  gas  gen¬ 
erator  propellant  supply  line  orifices. 

A  start  transient  fuel  pump  head-flow  performance  for  firing  36A  is 
presented  in  Fig.  39.  The  minimum  stall  margin,  which  occurred  in 
the  high-speed  region  (approximately  19,  000  rpm),  was  about  600  gpm. 

4.2.6  Relief  of  Thrust  Chamber  Temperature  Launch  Constraint-Partial 

Transition  Firing  36E 

Firing  36E  was  a  1.  14-sec  partial  transition  test  conducted  to  evalu¬ 
ate  the  effects  of  a  warm  thrust  chamber  body  temperature  (0  ±  15°F  at 
engine  start)  on  engine  start  transient  (Fig.  54).  A  3- sec  fuel  lead  pre¬ 
ceded  the  firing  and,  start  tank  discharge  valve  solenoid  energized,  the 
average  thrust  chamber  body  temperature  was  -91°F.  The  minimum 
fuel  pump  low  level  stall  margin,  which  would  be  one  of  the  most  critical 
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items  with  a  warm  thrust  chamber,  was  about  1200  gpm  (Fig.  55)  as 
measured  along  a  constant  pump  speed  line.  This  was  in  the  low- 
speed  region  at  about  12,  000  rpm  during  start  tank  discharge.  This 
transition  firing  was  one  of  a  series  of  tests  with  warmer  thrust 
chambers;  as  a  consequence  of  the  conservative  stall  margin  obtained 
during  this  firing,  the  effects  of  warmer  thrust  chambers  will  be 
evaluated  in  future  tests. 

4.3  ENGINE  STEADY-STATE  PERFORMANCE 

Selected  steady- state  engine  performance  values  (see  Appendix  IV 
for  method  of  calculations)  for  all  32.  5- sec  duration  firings  are  pre¬ 
sented  in  Table  VIII.  Since  there  was  no  engine  reorificing  during  this 
series  of  tests,  all  performance  values  compared  reasonably  well. 
Probably  the  most  significant  variation  noted  was  fuel  and  oxidizer  tur¬ 
bine  efficiencies.  Fuel  and  oxidizer  turbine  efficiencies  were  1.  4  and 
2.  8  percent,  respectively,  higher  on  test  36  than  the  lowest  values  cal¬ 
culated  for  tests  34  and  35. 

4.4  POST-TEST  INSPECTION 

4.4.1  J 4-1801-34 

A  post-test  inspection  indicated  no  apparent  erosion  of  the  augmented 
spark  igniter  chamber.  A  broken  connector  to  an  accelerometer  caused 
an  erroneous  excessive  engine  vibration  cutoff  on  firing  34C. 

4.4.2  J 4-1801-35 

The  engine  pneumatic  regulator  was  replaced  after  test  35  and  the 
faulty  regulator  returned  to  the  engine  manufacturer  for  inspection.  The 
inspection  revealed  that  improper  operation  was  caused  by  a  leaky  dia-  . 
phragm  in  the  regulator. 

A  small  particle  (Fig.  69)  was  removed  from  a  fuel  annulus  of  the 
main  injector  after  test  35.  This  particle  had  the  appearance  of  a  small 
diameter  copper  wire. 

4.4.3  J4-1801-36 

Post-test  leak  checks  of  the  fuel  turbopump  indicated  excessive 
leakage  of  the  intermediate  and  turbine  seals  (greater  than  10,  000  scim) 
and  were  replaced.  One  of  the  gas  generator  outlet  temperature  sensors 
was  found  eroded  and  was  also  replaced. 


18 


AEDC-TR.68.176 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  12  firings  of  the  Rocketdyne  J-2  rocket  engine 
conducted  on  March  27  and  April  2  and  10,  1968,  in  Test  Cell  J-4 
are  summarized  as  follows: 

1.  Thrust  chamber  temperature  effect  on  engine  transient  opera¬ 
tion,  for  S-IVB  first  burns  and  80-min  orbital  coast  restart 
simulation  firings,  was  investigated.  For  this  series  of  tests, 
it  was  determined  that  each  1°F  reduction  in  thrust  chamber 
temperature  (temperature  ranged  from  -91  to  -358°F  for  first 
burns  and  -200  to  -362°F  for  80-min  restarts)  resulted  in  1.5 
and  1.  6°F  increase  in  the  gas  generator  outlet  temperature 
initial  peak  for  first  burns  and  80-min  restarts,  respectively. 

2.  For  S-IVB  80-min  restart  tests,  a  4.  3°F  increase  in  the  gas 
generator  outlet  temperature  initial  peak  was  observed  for 
each  1°F  reduction  in  start  tank  temperature  (for  start  tank 
temperatures  of  -216  and  -268°F). 

3.  Start  tank  pressure  increases  (pressure  values  of  1174  and 
1294  psia)  resulted  in  higher  gas  generator  outlet  tempera¬ 
ture  peaks  and  faster  thrust  chamber  ignition  for  S-IVB 
80-min  restarts.*  The  firings  investigated  exhibited  a  0.  5  and 
2.  3°F  increase,  respectively,  in  the  initial  and  second  gas 
generator  outlet  temperature  peak  for  each  1-psi  increase  in 
start  tank  pressure. 

4.  Two  firings  were  investigated  to  determine  effects  of  fuel  pump 
NPSH  on  engine  start  transient. 

5.  A  gas  generator  outlet  temperature  transient  peak  of  880°F  was 
recorded  for  an  S-IVB  6-hr  orbital  coast  restart  and  is  the 
minimum  recorded  to  date.  Chamber  pressure  buildup  time  to 
550  psia  required  2.  8  sec,  the  longest  to  date. 

6.  A  partial  transition  firing  (36E)  was  conducted  with  a  thrust 
chamber  throat  temperature  requirement  of  0  ±  15  deg  at  engine 
start  with  a  3- sec  fuel  lead.  A  conservative  fuel  pump  stall 
margin  was  observed  for  this  firing. 

7.  Post-test  inspection  indicated  no  apparent  deterioration  of  the 
augmented  spark  igniter  chamber  during  this  series  of  tests. 

8.  A  small  particle  was  removed  from  a  fuel  annulus  of  the  main 
injector  after  test  35.  The  particle  had  the  appearance  of  a 
small  diameter  copper  wire. 
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Fig.  8  Engine  Start  Conditions  for  Pump  Inlets,  Start  Tank,  and  Helium  Tank 
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a.  Thrust  Chamber  Fuel  System,  Start 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  10  Engine  Transient  Operation,  Firing  34A 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  10  Continued 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  10  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 


h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  10  Concluded 
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Fig.  11  Fuel  Pump  Start  Transient  Performance,  Firing  34A 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  14  Engine  Transient  Operation,  Firing  34B 
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c.  Thrust  Chamber  Fuel  System,  Shutdown 


TIME,  SEC 


d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  14  Continued 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 


TIME.  SEC 


f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  14  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 
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h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  14  Concluded 
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Fig.  15  Fuel  Pump  Start  Transient  Performance,  Firing  34B 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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b.  Gas  Generator  Body  Temperature,  TGGVRS 
Fig.  17  Thermal  Conditioning  History  of  Engine  Components,  Firing  34C 
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A  E  DC-T  R-68-1 76 


a.  Thrust  Chamber  Fuel  System,  Start  and  Shutdown 


b.  Thrust  Chamber  Oxidizer  System,  Start  and  Shutdown 
Fig.  18  Engine  Transient  Operation,  Firing  34C 
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c.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start  and  Shutdown 


TIME,  SEC 

d.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start  and  Shutdown 

Fig.  18  Concluded 
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Fig.  19  Fuel  Pump  Start  Transient  Performance,  Firing  34C 
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e.  Thrust  Chamber  Throat,  TTC-1P 
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f.  Thrust  Chamber  Throat,  TTC-2 
Fig.  21  Concluded 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  22  Continued 
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1.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  22  Continued 


63 


TEMPERATURE.  °F 


AEDC-TR. 68-176 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 


TIME,  SEC 


h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  22  Concluded 
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a.  Thrust  Chamber  Fuel  System,  Start 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  26  Engine  Transient  Operation,  Firing  34E 
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c.  Thrust  Chamber  Fuel  System,  Shutdown 


d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  26  Continued 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  26  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 


TIME,  SEC 

h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  26  Concluded 
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Fig.  27  Fuel  Pump  Start  Transient  Performance,  Firing  34E 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 


TIME.  MIN 


b.  Gas  Generator  Body  Temperature,  TGGVRS 
Fig.  29  Thermal  Conditioning  Histofy  of  Engine  Components,  Firing  35A 
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c.  Start  Tank  Discharge  Valve  Opening  Control  Temperature,  TSTDVOC 


d.  Crossover  Duct,  TFTD 
Fig.  29  Continued 
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e.  Thrust  Chamber  Throat,  TTC-1 P 
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f.  Thrust  Chamber  Throat,  TTC-2 
Fig.  29  Concluded 
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a.  Thrust  Chamber  Fuel  System,  Start 


TIME.  SEC' 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  30  Engine  Transient  Operation,  Firing  35A 
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PUMP  SPEED.  RPM  X  10*3  PUMP  SPEED.  RPM  X  10’3 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  30  Continued 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 


TIME.  SEC 

f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  30  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 


h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  30  Concluded 


82 


00 

go 


■ 

O 


O 

CL 


40 


30  h 


20 


10 


0 


NOTE:  STALL  INCEPTION  LINE  IS  BASED  ON 
TOTAL  HEAD  RISE  ACROSS  THE  PUMP. 

/ 

7 

THE  DATA  PLOTTED  ARE  PUMP  DIS¬ 
CHARGE  STATIC  PRESSURE  CONVERTED 

t n  ucAn  riATA  adc  cohm  cm  qvqtcm 

/ 

1 

V  1  lull/. 

:0R  THE  1 
rRANSIEN 

NITIAL3 
T  0PERA1 

lU  I  ItvITI  1  IT1  I  t/IU 

SEC  OF  ENGINE 
'ION. 

¥  1 

.4 

/ 

O, 

/h 

4 

Ay 

LV 

V 

XI 

jV 

p 

\ 

J 

v _ 

_ 

- ^ 

_ A 

4  6 

FLOW.  OF-2,  GPM  X  lO"3 


8 


10 


Fig.  31  Fuel  Pump  Start  Transient  Performance,  Firing  35A 
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Fig.  32  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  35A 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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b.  Gas  Generator  Body  Temperature,  TGGVRS 
Fig.  33  Thermal  Conditioning  History  of  Engine  Components,  Firing  35B 
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e.  Thrust  Chamber  Throat,  TTC-1P 
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f.  Thrust  Chamber  Throat,  TTC-2 
Fig.  33  Concluded 
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a.  Thrust  Chamber  Fuel  System,  Start 
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TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  34  Engine  Transient  Operation,  Firing  35B 
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Fig.  34  Continued 
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Fig.  35  Fuel  Pump  Start  Transient  Performance,  Firing  35B 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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b.  Gas  Generator  Body  Temperature,  TGGVRS 
Fig.  37  Thermal  Conditioning  History  af  Engine  Components,  Firing  36A 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  38  Engine  Transient  Operation,  Firing  36A 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  38  Continued 
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Fig.  38  Continued 


99 


AEDC-TR-68-176 


2800 

2400 

2000- 

1600- 


ac 

13 


cc 

cc 


1200+  uj‘ 


800 

400 

0 

-400  x 


800 

700 

600 


-  500 

in 

a. 


in 

in 

UJ 

cc 

Cl 


400 

300 

200 

100 

0 


32 


ENGINE  CUTOFF  SIGNAL- 


a - 

_ _ 

^5! 

/-GAS  G 

ENERAT0R  CHAMBER 

—  P 

RESS 

URE, 

_ 

PCGG-Z 

_ i _ 

✓ 

/ 

/-GAS  GENERATOR  0UTLE1 

r 

J 

'  TE 

MPER 

ATUR 

E.  TG 

G0-u 

\  AND 

2 

_ 

■ii 

, 

rv 

/ 

_Lj 

_ 

r 

' 

_L 

— i 

33 


34 


35 


TIME,  SEC 


h.  Gos  Generator  Chomber  Pressure  ond  Temperoture,  Shutdown 
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b.  Gas  Generator  Body  Temperature,  TGGVRS 
Fig.  41  Thermal  Conditioning  History  of  Engine  Components,  Firing  36B 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  42  Engine  Transient  Operation,  Firing  36B 
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d.  Thrust  Chomber  Oxidizer  System,  Shutdown 
Fig.  42  Continued 
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Fig.  42  Continued 
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Fig.  42  Concluded 
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Fig.  43  Fuel  Pump  Start  Transient  Performance,  Firing  36B 
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Fig.  45  Continued 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  46  Engine  Transient  Operation,  Firing  36C 
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Fig.  46  Continued 
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Fig.  46  Continued 
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h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  46  Concluded 
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Fig,  47  Fuel  Pump  Start  Transient  Performance,  Firing  36C 
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Fig.  49  Thermal  Conditioning  History  of  Engine  Components,  Firing  36D 
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Fig.  50  Engine  Transient  Operation,  Firing  36D 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  50  Continued 
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Fig.  50  Continued 


126 


AEDC-TR-68-176 


TIME,  SEC 


g.  Gas  Generator  Injector  Pressures,  Shutdown 
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Fig.  50  Concluded 
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Fig.  51  Fuel  Pump  Start  Transient  Performance,  Firing  36D 
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Fig.  52  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  36D 
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b.  Thrust  Chomber  Oxidizer  System,  Start  and  Shutdown 
Fig.  54  Engine  Transient  Operation,  Firing  36E 
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Fig.  55  Fuel  Pump  Start  Transient  Performance,  Firing  36E 
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Fig.  56  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  36E 
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Fig.  57  Start  Transient  Comparison  of  Selected  Engine  Parameters,  Firings  34A, 
34C,  and  36E 
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Fig.  58  Fuel  Pump  Start  Transient  Performance  Comparison,  Firings  34A,  34C,  and  36E 
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and  36D 
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Fig.  59  Concluded 
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Fig.  60  Fuel  Pump  Start  Transient  Performance  Comparison,  Firings  34E  and  36D 
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Fig.  61  Start  Transient  Comparison  of  Selected  Engine  Parameters,  Firings  34C 
and  35A 
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d.  Gas  Generator  Chamber  Pressure  and  Outlet  Temperature 
Fig.  61  Concluded 
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Fig.  62  Fuel  Pump  Start  Transient  Performance  Comparison,  Firings  34C  and  35A 
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Fig.  63  Start  Transient  Comparison  of  Selected  Engine  Parameters,  Firings  34B 
and  34E 
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d.  Gas  Generator  Chamber  Pressure  and  Outlet  Temperature 
Fig.  63  Concluded 
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Fig.  64  Fuel  Pump  Start  Transient  Performance  Comparison,  Firings  34B  and  34E 
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Fig.  65  Start  Transient  Comparison  of  Selected  Engine  Parameters,  Firings  34B 
and  35B 
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Fig.  65  Concluded 
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Fig.  67  Start  Transient  Comparison  of  Selected  Engine  Parameters,  Firing  34C  and  36C 
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Fig.  67  Continued 
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Fig.  68  Fuel  Pump  Stort  Transient  Performance  Comporison,  Firings  34C  and  36C 
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Fig.  69  Particle  Removed  from  Main  Injector  Fuel  Annulus,  Test  35  Post  Test 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

p/n 

s/h 

Thrust  Chamber  Body 

206600-31 

4072755 

Thrust  Chamber  Injector  Assembly 

■208021-11 

4071421 

Fuel  Turbopump  Assembly 

460160-31 

4072328 

Oxidizer  Turbopump  Assembly 

458175-81 

6645876 

Start  Tfcnk 

303439 

0038 

Augmented  Spark  Igniter 

206280-81 

4078806 

Gas  Generator  Fuel  Injector  and  Combustor 

30836O-H 

4088543 

Gas  Generator  Oxidizer  Injector  and 

Poppet  Assembly 

303323 

4091740 

Helium  Regulator  Assembly 

Tests  34  and  35 

556948 

4072709 

Test  36 

4072892 

558130-111 

Electrical  Control  Package 

502670-51 

4087776 

Primary  Flight  Instrumentation  Ibckage 

703685 

4077391 

Auxiliary  Flight  Instrumentation  Package 

703680 

4077313 

Main  Fuel  Valve 

Test  34 

409120 

4051082 

Tests  35  and  36 

409120 

4062181 

Main  Oxidizer  Valve 

411031 

4089563 

Gas  Generator  Control  Valve 

309040-31 

4062168 

Start  Thnk  Discharge  Valve 

304386 

40865957 

Oxidizer  Turbine  Bypass  Valve 

409940 

4062266 

Propellant  Utilization  Valve 

251351-11 

4068732 
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TABLE  I  (Concluded) 


Bart  Name 

p/n 

s/n 

Main-Stage  Control  Valve  (Four-Way) 

Tests  34  and  35 

Teat  36 

555767 

558065 

8284307 

8275908 

Ignition  Hiase  Control  Valve  (Four-Way) 

Tests  3^  and  35 

Test  36 

555767 

558065 

8284305 

8313742 

Helium  Control  Valve  ( Three -Way) 

Tests  34  and  35 

Test  36 

NA5-27273 

KA5-27273 

340919 

340910 

Start  Tank  Vent  and.  Relief  Valve 

Tests  34  and  35 

Test  36 

557848 

558325 

4092989 

8358552 

Helium  Tank  Vent  Valve 

Tests  34  and  35 

Test  36 

HA5-27273 

NA5-27273 

340918 

328191 

Fuel  Bleed  Valve 

309034 

4077233 

Oxidizer  Bleed  Valve 

309029 

4076750 

Augmented  Spark  Igniter  Oxidizer  Valve 

308880 

4009946 

Pressure-Actuated  Shutdown  Valve  Assembly 

558127-11 

4087861 

Pressure-Actuated  Purge  Control  Valve 

558126 

4089662 

Start  Tank  Fill/Refill  Valve 

558000 

4072899 

Fuel  Flowmeter 

251225 

4076564 

Oxidizer  Flowmeter 

251216 

4077137 

Fuel  Injector  Temperature  Transducer 

NA5-27441 

12350 

Restartable  Ignition  Detect  Probe 

NA5 -27298T2 

102 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice  Name 

Part  Number 

Diameter 
(inches  Unless 
Otherwise 
Noted) 

Date  Effective 

Comments 

Gas  Generator  Fuel  Supply 
Line 

HD251-4107-0508 

0.508  in. 

March  25,  1968 

Gas  Generator  Oxidizer 

Supply  Line 

HD251-4106-0288 

0.288  in. 

March  25,  I968 

Oxidizer  Turbine  Bypass 

Valve  Nozzle 

HD273-8002-15iH 

1.541  in. 

March  25,  1968 

Main  Oxidizer  Valve 

Closing  Control 

4io437-075 

410437-084 

8.40  scfln 

8.45  scfm 

March  21,  1968 
(34  Pre-Test) 

April  8,  1968 
(36  Pre-Test) 

Thermostatic  Orifice 

Oxidizer  Turbine  Exhaust 
Manifold 

RD251-9004 

10.0  in. 

January  18,  1966 

Installed  on  Engine 
before  Shipment  to 

AEDC 

Augmented  Spark  Igniter 
Oxidizer  Supply  Line 

406361-3 

0.125  in. 
0.137  in. 

March  21,  1968 

Gives  an  Effective 
Diameter  of  0.110  in. 

Start  Tank  Discharge  Valve 
Restrictor  Check  Valve 

Poppet 

556443 

0.056  in. 

March  21,  1968 

Start  Tank  Discharge  Valve 
C/V  Orifice  Plug 

556433 

0.063  in. 

March  21,  1968 

9il-89-ai-Oa3V 
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TABLE  Hi 

ENGINE  MODIFICATIONS 
(BETWEEN  TESTS  J4-1801-34  AND  J4-1801-36) 


Modification 

Number 

Completion  Date 

Description  of  Modification 

RED1  15-68 

March  25,  1968 

Replacement  of  Start  Tank 
Discharge  Valve 

RED  16-68 

March  25,  1968 

Rotation  of  Propellant 
Utilization  Valve  Deflector 

RED  12-68 

March  25,  1968 

Retimed  Main  Oxidizer  Valve 

to  1750  msec 

RED  3-68 

March  25,  1968 

Addition  of  Augmented  Spark 
Igniter  Oxidizer  Orifice 

RED  69-67 

March  25,  1968 

Deletion  of  Antiflood  Valve 

Test  J4-1801-34,  March  27,  1968 

None 

Test  J4-1801-35,  April  2,  1968  . 

RED  35-3*67 

April  8,  1968 

Decreased  Augmented  Spark 
Igniter  Probe  Immersion 

Depth  by  0.020  in. 

April  8,  1968 

Retimed  Main  Oxidizer  Valve 

Test  J4-1801-36,  April  10,  1968 

1RFD  -  Rocketdyne  Field  Directive 
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TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1801-34  AND  J4-1801-36) 


Replacement 

Completion  Date 

Component  Replaced 

_ 

Test  J4-1801-36 

UCR1  007387 

UCR  007390 

April  8,  1968 

April  8,  1968 

Main  Fuel  Valve 

Pneumatic  Regulator 

^TJCR  -  Unsatisfactory  Condition  Report 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


Time,  min 


t  -  80 _ t  ~  70  t  -  60  t  -  50  t  -  40  t  -  30  t  -  20 _ t  -  10  t  -  0  t  4  10 


Turbopump  and  Gaa 
Generator  Purge 
(Purge  Manifold 
System) 

Helium,  82  -  130  paia 

50  -  200* F 
(Nominal  6  scfm 
at  Customer  Connect 

'MM. 

♦-Propell 

int  Drop 

—a 

Oxidizer  Dome  and 

Gas  Generator  Liquid 
Oxygen  Injector 
(Engine  Pneumatic 
System) 

Helium,  1400  psig 

50  -  100“F 
(Nominal  230  scfm 
at  Custom- r  Connect) 

mm 

1  aec  (Su 
Engine  1 
Start  and 
Purge  on 
Fuel  Lei 

Oxidizer  Dome 
(Facility  Line 
to  Port  C03A) 

Nitrogen.  415  -  875  psla 

100  -  200“  F 

175  -  230  scfm 

1 

On  at 

Engine  — » 
Cutoff 

■ 

w/m 

W/////M 

W///////A 

'W/////M 

wm/mm 

55 

Oxidizer  Turbopump 
Intermediate  Seal 
Cavity  (Engine 
Pneumatic  System) 

Helium;  1400  psig 

50  -  200*F 

2600  -  7000  scfm 

N 

{£ 

H 

_ 

J 

I m 

V///////M 

upplied  by  Engine 

■m 

Thrust  Chamber 

Jacket 

(Customer  Connect 
Panel) 

Nitrogen,  165  -  2i5  paia 

100  -  200*  F 

Nominal  100  acfm 

W//////M 

W/////M. 

W//////M 

W//////M 

w/m 

Helium;  55  -  200  psia 

Ambient 

Temperature 

m 

Thrust  Chamber 

Temperature 

Conditioning 

Helium;  1000  psia  Maximum 
Temperature  aa 
Required 

tt 

w/m 

Pump  inlet 

Pressure  and 
Temperature 
Conditioning 

Oxidizer;  35  to  48  psia 
-298  to  280*F 

Fuel;  28  to  48  psia 

-424  tO'416*F 

W/////& 

W/////M 

fi/e/i 

W////M 

W/M 

W/M/a 

Hydrogen  Start  Tank 
and  Helium  Tank 
Pressure  and  Tem¬ 
perature  Conditioning 

Hydrogen;  1200  -  1400  psia 
-140  to  -300“F 
Helium;  1700 1-  3250  psia 
-140  to:300“F 

w/m 

Wit, 

Crossover 

Duct 

Temperature 

Helium,  -300*F  to 

Ambient 

2 

V//////& 

W/////M 

W//////A 

W//////A 

W/////& 

W/////&. 

Z//////////A 

Main  Oxidizer* 

Valve 

Temperature 

Oxidizer.  -298  to  -280“F 

^Ambient  Helium  to  be  Used  if  Necessary  to  Achieve  Required  Target 

2 Conditioning  Temperature  to  be  Maintained  for  the  Last  IS  min  before  Firing 
except  for  One-Orbit  Restarts 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


Firing  Numbar,  J4-1801-34 

3^  - 

HUMP  .  L  -A  “  ! 

1 - 75T - 1 

targat - 

Actual 

Target 

Actual 

Targat 

Actual 

Time  of  Day.  hr/ Firing  Oata 

1311  _ __ 

3-27-68 

W68 

3-2  7-68 

17Zb  __ 

""  T-Tt-69 

1758 _ 

Pressure  Altitude  at  Engine  Start,  ft 

ffWl— 

■HOUISQHI 

”ll4,000 

■ms 

7.5 

7.588 

2.713 

_ JLi _ 

mm  *4.3** 

~”"7.58H 

Fuel  Pump  Inlet  Conditions 

Pressure,  psia 

26-5  !J 

27-7 

26-5  :j 

27.6 

26.5  tj 

28.1 

******* 

28.1 

I  26.55} 

26.8 

BSR1XIKI 

-4 21 .5 

-621.6  »  0.4 

-620.8 

-421.4  I  0;* 

-421 .5 

-421.0 

BtUmLW 

-421.2 

Oxidizer  Pump  Inlat 

Pressure,  psia 

wmuKi 

45.7 

65.0  Z  1.0 

45.0 

65.0  I  1.0 

46.2 

45.0  I  1.0 

14.0 

ksheb 

45.1 

■Conditions  at  Engina  Start 

remperature,  °F 

-295.1 

■SL'-iM*' 

vm 

BTHTHFIM 

-294.6 

-296.6 

-293.3 

nss 

1300  1  10 

TJS? 

1250  Z.  10 

TWf 

HmiimudHi 

1301 

at  Engine  Start 

-201 

-215  1  10 

-216 

-200  Z  10 

-201 

-160  1  10 

3mro 

-26b 

II  4-ii  i  (7-jVTinHI 

2146 

2555 

- 

2253 

• 

2202 

iBSBHHHi 

7U85 

-156 

- 

_ OU _ 

- 

TfgS 

• 

_ =J39 _ 

|g?  , 

-2b2 

Thrust  Chambar  Temperature 

Conditions  at  Engine  Start/to.  °F 

50  i  50 

«  'Wf 

-so  ;?8 

ISS9 

|  50+50 

fll 

66 

- 

■**  m 

- 

msm 

- 

_ _ _ 

- - 

■ 

57_^- — V200 

TFT  0-2 

50  i§0 

59 

423 

50  t§0 

77 

50  i?0 

33 

413 

Crossover  Ouct  Temparatura 
at  Engine  Start,  °F  © 

TFT  0-3 

50  tg0 

69 

no  ;js 

179 

50  % 

71 

50  % 

58 

|  *70  5}5 

174 

TFT 0-8 

50  :§0 

54 

- 

390 

50  :?0 

65 

so  :?0 

36 

380 

Main  Oxidizer  Valva  Sacond-Stage 
Actuator  Temperatura  at  Enqina  Start, 

Op  © 

-150  +  50 

-111 

-150  +  50 

-143 

-150  +  50 

-100 

-150  +  50 

-132 

|  -150  +  50 

-151 

Fuel  Lead  Time,  sec  vi3 

3.0 

3.ooo 

8.0 

7.919 

3.0 

3-001 

3-0 

3.001 

7.917 

1 

116 

- 

30 

i^K3*M(HT>TTrTiM 

61 

_ *65 

■■Hi 

32 

10 

10 

10 

13 

10 

10 

10 

1 1 

isScS 

- T575- 

iKmimzs 

HC33UEZSI 

Norme 1 

Normal 

wmmmrrm 

■MnnzB 

Auxi 1 iary 

SjlzSS 

Normal 

24 

-100  or 

Warmer 

-14 

25 

-130 

Supply  Line  Tamperature,  °F 

j^n  m 

Void 

- 

Void 

- 

Void 

- 

Void 

IHBH| 

Void 

- 

-14 

- 

-40 

- 

-16 

- 

-20 

1 1 

-43 

Start  Tank  Oischarga  Valve  Body  Temper 
at  Engine  Start,  °F 

+60 

- 

+15 

- 

■+37 

- 

-29 

- 

-36 

Vibration  Safety  Counts  Ouration,  msec 
and  Occurrence  Time,  sec  from  to 

3"-''o!96o 

L — — "’oTwl 

> — -"7 

EH 

-"'7' 

Gas  Generator 

ImiAITTraMH 

- 

1665 

- 

1680 

- 

2015 

- 

- 

rm 

Outlet  Temperatura,  °F 

Second  Peak  ] 

- 

1700 

- 

1920 

- 

*595 _ 

- 

TBS3 

Il'plnlfiililRfofiiMMiilfli 

MBI 

0.957 

- 

0.976 

• 

0.982 

- 

1 .008 

- 

0.953 

Main  Oxidizer  Valva  Second-Stage  Initial 

Movement,  sec  (Ref.  tn)0 

- 

1.140 

- 

1.233 

- 

1.005 

- 

1.148 

- 

1.129 

Main-Stage  Pressure  No.  2.  sec  (Ref, 

1 .600 

- 

1 .672 

- 

1 .630 

■BHi 

- 

1.645 

Time  Chamber  Pressure  Attains  550  psia 

.  sec  (Ref.  to)  ©  I 

- 

TT5ot 

- 

2.032 

- 

1.916 

- 

■uw 

'  1.975 

Propellant  Utilization  Valva  Position, 

Engine  Start/tq  +  10  sec 

JuTT 

•"  Closed 

Null  — 

_ — ■"  Closed 

^mTnWW 

EQHBfl 

HanHlI 

I^S 

r*gi 

Notes;  QOiti  raduced  from  oscillogram. 

©Component  conditioning  to  ba  maintained  within  limits  for  last  15  min  bafora  engine  start. 

©  Componant  conditioning  to  be  maintalnad  within  limits  for  last  30  min  bafora  engina  start  or  coast  duration,  whlehevar  Is  longer. 
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TABLE  VI  (Continued) 


Firing  Number,  1 801  —  35 

35A 

i 

- 

Target  J  Actual 

Targat | Actual 

Target  |  Actua 1 

Time  of  day.  hr/ Firing  Date 

1239  _ — - - - 

___ - - -  4-2-68 

iTiT5  -  - " 

- - 4-2-68 

- - - 

i  dtUvii-MX  iii  ia£nnrmiuAi»immmf— — 

miujuubb 

957000 

100.000 

1  Ob , UUU 

>00,000 - 

32.5 

- J77578 - 

7.5»y 

32.5 

Fuel  Pump  Inlat  Conditions 
at  Engine  Start 

26.5  ti 

28.6 

26.5  tj 

27.4 

41.0  +  1.0 

BHK»Clt9 

-421.2 

-421.1 

BflUWBlCl 

Oxidizer  Pump  Inlet 

Conditions  at  Engine  Start 

Pressure,  psia 

1  45.0  I  1 .0 

45.4 

45.0  1  1 .0 

45.6 

45.0  T  1.0 

Temperature,  °F 

&MLMJUI 

nfr1: 

E^LfOl 

Start  Tank  Conditions 
at  Enqine  Start 

’ressure.  psia 

13S1 

Mil  1  ■  ■!  ■ 

1174 

BEiHM 

n  LT'KA 

-136 

-210  *  10 

-205 

-200  +  10 

Helium  Tank  Conditions 
at  Enqine  Start 

Pressure,  psia 

- 

ml 

- 

BBBE^H 

- 

-136 

- 

-206 

■BH^IB!! 

M  BBi 

Thrust  Chamber  Temperature 

Conditions  at  Engine  Start/tQ.  °F 

itiEjBMBB 
>iiqi7i»te  _ J 

-250  +  25 

mam 

50  +  50 

-250  +  25 

- 

- 

Crossover  Ouct  Temperature 
at  Engine  Start,  °F® 

TFT 0-2 

50  -50 

16 

411 

iso 

TFT0-3 

52  % 

31 

170  ;J5 

183 

5“  % 

TFT 0-8 

5»  t°i0 

6 

- 

386 

[Main  Oxidizer  Valve  Second-Stage 

Actuator  Temperature  at  Enqine  Start.  °F  ® 

-150  +  50 

-115 

-150  +  50 

-145 

-150  ♦  50 

_ L° _ 

^HOEaH 

O 

7.920 

3.0 

taITTI  liilHull 

r* 

- 

30 

10 

10 

10 

_ Li _ 

■rwfiir  li'w 

Normal 

BEE5E3QHMI 

iBIOHiniBI 

Gas  Generator  0xidl2er 

Supply  Line  Temperature,  °F 

"  j 

-100  or 

Warmer 

26 

-100  or 

Warmer 

-16 

- 

Void 

- 

Void 

- 

EHHHB! 

- 

-25 

- 

-49 

- 

Start  Tank  Oischarge  Valve  Body  Temperature 
at  Enqlna  Start.  °F 

- 

+^5 

- 

♦9 

- 

Vibration  Safety  Counts  Duration,  msac 
and  Occurrence  Time,  .sec  from  tp 

; 

IB 

Gas  Generator 

Outlet  Temperature.  °F 

Initial  Peak 

- 

1914 

h^heqhhh 

.-fTT.T.  ■  i 

1436 

■■B^^^BBI 

Bi^BHBBl 

Thrust  Chamber  Ignition  (Pc  »  100  psla) 

Time,  sec  (Ref.  tn)© 

- 

1.004 

- 

0.998 

- 

- 

1.008 

- 

1.134 

- 

^bebbb 

1.689 

_ 

1.715 

IB  ~ 

Ki rr*4 ,  vs  «  a  j  mi  ■  i rw.\ i i  imtti  ■  lii  mi.imi.i.ijhmiuii 

- 

2.028 

bbebb 

m  wm\ 

Tropellent  Utilization  Valve  Position, 

Enqine  Start/tn  +  10  sec 

K2UPS5SI 

UMgBSt 

vgsam 

^pen^^ 

ng^a 

IBnR 

1 

®  Oata  reduced  from  oscillogram. 

©Component  conditioning  to  be  maintained  within  limits  for  last  15  min  before  engine  start. 

© Component  conditioning  to  be  maintained  within  limits  for  last  30  min  before  engine  start  or  coast  duration,  whichever  is  longer. 
©Aborted  because  of  engine  haltum  regulator  failure. 
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TABLE  VI  (Concluded) 


Firing  Number,  jU— 1801—36 

5® 

360 

“ - J6E - 

Target  |  Actual 

Terqet  1  Actual 

Terqet  I  Actual 

Targat | Actual 

Tine  of  day,  hr/Flrlng  Data. 

1539 

4-10-68 

liiS. 

1700 

4-10-68 

1725  - 

. - -  4-10-68 

1834  _ _ “ 

_  -  —  4-10-68 

100.000  . 

83.000 

IHLUtlil'Wi 

'3ghirK*nmm 

100.000 

_ 11J-.00Q _ 

11)6.000 

113.000 

32.5 

32.575 

7.5 

7.586 

32.5 

32.572 

7.5 

TT 

TTSi 

Fuel  Pump  Inlet  Conditions 
et  Engine  Start 

26.5  ii 

26.8 

26.5  !J 

26.9 

41.0+  1 .0 

41.4 

26.5  tj 

26.6 

26.5  :j 

27.9 

L!12_NLt^H 

l 

1 

-421 .4 

-421 .4  L  0.4 

-4io”.4 

-421.4  Z  0.4” 

-421.4 

-421.4  +  0.4 

-420.6 

BaBatBii 

Oxidizer  Pump  inlet 

Conditions  at  Engine  Start 

Pressure,  psla 

33.0  ij 

33.6 

45.0  +  1.0 

45.9 

45.0  +  1.0 

45.2 

45.0  +  1.0 

45.0 

E 

44.4 

-294.6 

CXKS 3 

-299.8 

-294.8 

S39HKB 

II^ESiSHH 

Stert  Tank  Conditions 
at  Engine  Start 

■H7UTS 

1250 

■WHM 

■m.xi.M 

1388 

1300  1  lo 

1298 

IKHH 

-140  i  10 

-139 

min 

-260 

-200  -  10 

-202 

-265  -  10 

-266 

flTTl  ■!  — 

^199 

liH 

- 

2270 

- 

- 

2299 

- 

2024 

- 

2532 

- 

-’35 _ 

- 

-244 

- 

_ i22 _ 

- 

! 

i 

- 

_.  -198 

Thrust  Chamber  Temperature 

Conditions  at  Engine  $tart/tQ,  °F 

Throat 

(TTC-l P/TTC-2) 

-200  +  25 

i^s^i 

+  50+50 

~T& 

_ _ 30 

-250  +  25 

K£5Si!9 

-200  +  25 

0+15 

-8 

^ -  -13 

Avaraga 

- 

- 

jjga 

- 

- 

- 

Crossover  Duct  Temperature 
at  Engine  Start,  °F® 

TFTD-2 

-1 00  +  20 

-97 

- 

388 

*50  :?0 

76 

- 

450 

*5°  ^50 

23 

TFT  0-3 

-100  +  20 

-92 

168 

rai 

73 

♦170  tiS 

174 

*50  r?0 

24 

TFT  0-8 

-100+  20 

-91 

- 

384 

*5°  % 

65 

- 

408 

*50  tj>0 

20 

Main  Oxidizer  Valve  Second-Stage  ^ 

Actuator  Temperature  at  Engine  Stert,  °F 

-150  +  50 

-119 

-1 50  +  50 

-135 

-150  +  50 

-160 

-150  +  50 

-157 

- 

- 

8.0 

7.918 

8.0 

7.917 

3.o 

3.009 

8.0 

7.920 

3.0 

3.001 

84 

- 

22 

KSiOflOl 

61 

- 

27 

aT'B  1. 1  HI  ^ 

63 

13 

10 

4.5 

to 

10 

10 

10.5  . 

rs— 

■Wl 

Norma i 

■snuii 

Norme  1 

■huh 

Norma  1 

Normal 

Normal 

■.mum 

Gas  Generator  Oxidizer 

Supply  Lina  Temperature,  °F 

S 

+  17 

-100  or 

Warmer 

-37 

-100  or 

Wermer 

+  16 

-100  or 

Warmer 

-20 

uSeljeehhb 

- 

Void 

- 

Void 

- 

Void 

- 

Void 

- 

Void 

T0BS-4 

at  Engine  Start 

- 

-20 

- 

-47 

- 

-26 

- 

-44 

- 

-31 

Stert  Tank  Discharge  Valve  Body  Temperature 
at  Engine  Start.  °F 

- 

+40 

- 

+  16 

- 

-44 

- 

-42 

- 

-78 

Vibration  Safaty  Counts  Ouratlon,  msec 

end  Occurrence  Time,  sec  from  tn 

■fiSRUa 

KB 

m2 

; . -"V 

109/121 

0.957 

■ _ 

Gas  Generator 

Outlet  Temperature,  °F 

- 

880 

- 

1971 

- 

2142 

- 

2753 

- 

- 

Second  Peak 

- 

- 

- 

1836 

- 

1525 

- 

■rap  n>i 

Thrust  Chamber  Ignition  (Pc  -  100  psle) 

Time,  sec  (Ref,  tn)® 

- 

1.079 

- 

0.973 

- 

0.980 

- 

0.957 

- 

0.975 

Main  Oxidizer  Valve  Second-Stage  initial 

Movement,  sec  (Ref.  tn)© 

- 

0.987 

- 

1.112 

- 

0.995 

- 

0.979 

- 

1.094 

■■■■■ 

1.693 

- 

_ Li?5 _ 

■i 

— amjaBSl 

IIIHJV.IIJ  IMCLM11!  Ml  I  ll.Um.lIOl 

- 

2.800 

- 

2.052 

■■DHMI 

iwywijgi 

91 

Propellant  Utilization  Valve  Position, 

Engine  Start/tg  +  10  sec 

ys mk 

m 

WL 

PtBSw* 

wsm 

@Si 

Notes;  ©  Data  reduced  From  oscillogram. 

(2>  Component  conditioning  to  be  maintained  within  limits  for  last  15  min  before  engine  start. 

(D  Component  conditioning  to  be  maintained  within  limits  for  last  30  min  before  engine  start  or  coast  duration,  whichever  Is  longer. 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Firing 
Number 
j4- 1 801- 

«...  . .  i 

Start  Tank 
discharge  Valve 

Main  fuel  vat -a 

main  Oxidizer  Valve 

First  Stage 

Main  oxl dl ter  Valva 

Second  Stage 

Gas  Generator 

Fuel  poppet 

Gas  Cana ra tor 

Ox  Id  liar  Poppet 

Oxidizer  Turbine 
•ypass  valve 

Start  Tank 

Of 

Opening 

Signal 

Valve 

Belay 

Tima, 

Valve 

Opening 

Tima 

of 

Opening 

Signal 

Valva 

Delay 

Valve 

Opening 

Tima, 

Time 

of 

Signal 

Valve 

Delay 

Tima, 

sec 

vetva 

Open  1 n g 
Tima. 

Tima 

of 

Opening 

Signal 

valve 

Oal  ay 

Opening 

Time 

p» 

Opening 

Signal 

Valva 

Delay 

Time. 

Opening 

Time, 

Time 

of 

Opening 

Signal 

Valva 

Delay 

Tima, 

Valve 

Opening 

Tima, 

T.-e 

of 

Closing 

Signal 

Valve 

0®  lay 

Valve 

Closing 

Tima. 

Tima 

of 

Closing 

Valve 

Oal  ay 
Time, 

Valve 

Closing 

Time, 

16A 

0 

B.  129 

0.109 

5.000 

0.057 

0.068 

0.669 

0.0S7 

0.053 

O.U-9 

0.591 

2.CA2 

0  669 

0.113 

0.025 

0.669 

0.179 

0.061 

O.669 

0.211 

0-305 

0.669 

0.122 

0.2)8 

B3i 

0 

0.128 

0  115 

BBSI 

0.0*6 

0.668 

0.0S9 

0.060 

O.ACfi 

0.785 

WEX 

0  668 

0.12) 

0.025 

0.668 

0.192 

0.088 

USB 

0.206 

0.298 

ism 

0.266 

ca 

0 

JES3I 

0.109 

■JBi 

■SSM 

'EM 

MEM 

■ALH 

CH3I 

mem 

“ 

■ME-ii'J 

0.118 

0.021 

0.669 

O.178 

111 

USB 

m 

0.296 

hesb 

BS93I 

KB 

0 

0.117 

O.OSS 

0.0)6  | 

0.059 

U3II 

0.61.9 

0.699 

in 

0.669 

o.tia 

•  nnw 

DEB 

92331 

IS  . 

■J;: 

MUM 

22bI 

■^B 

0 

mu 

0.110 

mm 

0.068 

■SB 

if*8 

mourn 

0.681 

0.668 

0.12) 

KUB 

■m, 

■23 

■Bl 

mi 

122311 

■2231 

kbsmI 

fl!  MB 

0 

113 

0.097 

-0.999 

0.06? 

1 

0.05) 

0  065  | 

O.650 

0.096 

IQB 

■2211 

■SB 

■1 

Bl 

DEB 

■sail 

Shuldown 

Firing 

Number 

Htln  Fuel  Valve 

Mein  Oxldltcr  Valve 

Gas  Cane rat or 

Fuel  Poppet 

C*s  Generator 

Oxldlttr  Poppel 

Oxidizer  Turbine 
lypass  Valve 

Valve 

L losing 
Tl-e. 

g 

m 

valve 

Clos In9 
Time. 

of 

Signal 

Valve 

Delay 

Time, 

Valve 

Closing 

Time. 

Time 

Closing 

Signal 

valve 

Delay 

Time, 

Valve 

Closing 

Time. 

Opening 

Signal 

B9 

O 

32.575 

BUI 

■2  V  . 

■2SU 

B 

{■0023 

0.0)6 

DSB! 

o.*?9 

■  ■ 

O 

7.590 

BUM 

■11M 

IE  v; 

0.081 

■331 

7.S90 

0.080 

■Hill 

7.590 

0  0)9 

,  ' '  1BI 

0. 209 

mem 

mrm 

BM 

0.117 

N/A 

BBI 

2.71) 

0.079 

0.0  8 

2.711 

0.037 

D3BBI 

0.196 

0.676 

B  .’ 

EBB 

52.576 

0.082 

0.191 

32.576 

0.066 

0.025 

32.576 

0.061 

0.018  1 

0.23J 

0.675 

36c 

ic  x-m 

0.116 

bcb 

7.588 

0.079 

0.191 

7.588 

0.082 

0.022 

7.588 

0.038 

,SM 

0.210 

0.6)3 

... 

0.083 

■23 

0.066 

0.12B 

O.l  00 

0.0)7 

0.W>3 

0.029  |J 

0.216 

0.561 

Notts:  1.  All  valve  *  1 gr « t  times  art  referenced  to  tn. 

2.  Valya  delay  t I  me  is  the  time  required  for  initial  valve  movement  after  the  valve  “open"  or  valve  "closed"  solenoid  has  bean  n ne'jized. 

3.  Final  sequence  check  Is  conducted  without  propellants  and  within  12  hr  before  testing. 

6.  pale  ei  a  reduced  free  oscillogram. 
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TABLE  VIII 

ENGINE  PERFORMANCE  SUMMARY 


34A 

34D 

35A 

36  A 

36C 

Site 

Normalized 

Site 

Normalized 

Site 

Normalized 

Site 

Normalized 

Site 

Normalized 

Thrust,  lbf 

235.  126 

232, 475 

232,  649 

231,  003 

234, 193 

231,  940 

233, 722 

231,  347 

233,  923 

231,  388 

Chamber  Pressure,  psia 

793 

781 

785 

776 

790 

779 

789 

777 

789 

777 

Engine 

Performance 

Mixture  Ratio 

5.  44 

5.  43 

5.  46 

5.  44 

5.  46 

5.  43 

5.  44 

5.  43 

5.  39 

5.  42 

Fuel  Weight  Flow,  lbm/sec 
Oxidizer  Weight  Flow,  lbm/sec 

86.7 
471.  8 

85.5 

464.  1 

85.  7 
467.  7 

84.9 

462.  0 

86.  5 
472.  6 

85.  6 

465.  3 

86.3 
469.  4 

85.  1 

462.  5 

87.0 
469.  1 

85.  4 

462.  8 

Total  Weight  Flow,  lbm/sec 

558.  6 

549.7 

553.  4 

547.0 

559.  1 

550.9 

555.  8 

547.  6  - 

556.  1 

548.  2 

Thrust 

Mixture  Ratio 

5.  65 

5.  63 

5.  67 

5.  65 

5.  67 

5.64 

5.  64 

5.  64 

5.  59 

5.62 

Chamber 

Total  Weight  Flow,  lbm/sec 

551.  1 

542.  3 

546.  1 

539.  7 

551.  7 

543.  5 

548.5 

540.  4 

548.8 

541.  0 

Performance 

Characteristic  Velocity,  ft/ sec 

7881 

7883 

7868 

7872 

7842 

7848 

7872 

7872 

7870 

7860 

Pump  Efficiency,  percent 

72.7 

72.  7 

72.6 

72.  6 

72.  8 

72.  8 

72.  8 

72.  8 

72.  7 

72.  6 

Fuel 

Pump  Speed,  rpm 

27,  897 

27,  688 

27, 787 

27.  544 

27,  844 

27. 591 

27,  765 

27,  592 

27,  859 

27.  607 

Turbine  Efficiency,  percent 

62.7 

62.  6 

62.4 

62.  3 

62.  4 

62.  3 

62.9 

62.  8 

63.  3 

63.  1 

Turbopump 

Perfo  rmance 

Turbine  Pressure  Ratio 

7.  34 

7.  34 

7.33 

7.  32 

7.  37 

7.  37 

7.  28 

7.  28 

7.  30 

7.  29 

Turbine  Inlet  Temperature,  °F 

1239 

1217 

1240 

1215 

1251 

1224 

1245 

1226 

1244 

1228 

Turbine  Weight  Flow,  lbm/see 

7.  41 

7.  34 

7.  33 

7.  30 

7.  40 

7.  34 

7.  30 

7.  23 

7.  31 

7.  23 

Pump  Efficiency,  percent 

80.4 

80.4 

80.4 

80.  4 

80.  5 

80.  5 

80.4 

80.  4 

80.  4 

80.  4 

Oxidizer 

Pump  Speed,  rpm 

8782 

8710 

8761 

8694 

8755 

8690 

8755 

8683 

8751 

8679 

Turbopump 
Perfo  rmance 

Turbine  Efficiency,  percent 
Turbine  Pressure  Ratio 

49.5 

2.  65 

49.  3 

2.65 

49.  6 

2.  64 

49.  5 

2.64 

49.  6 

2.  65 

49.  5 

2.  65 

50.7 

2.  63 

50.5 

2.  63 

50.  7 

2.  62 

50.5 

2.  62 

Turbine  Inlet  Temperature,  #F 

793 

777 

792 

774 

799 

780 

785 

772 

790 

780 

Turbine  Weight  Flow.  lbm/sec 

6.  44 

6.  38 

6.37 

6.  34 

6.  44 

6.  39 

6.  33 

6.  27 

6.  34 

6.28 

Gas 

Generator 

Performance 

Mixture  Ratio 

0.  96 

0.  95 

0.96 

0.95 

0.  97 

0.95 

0.  97 

0.  96 

0.97 

0.  96 

Chamber  Pressure,  psia 

721 

712 

714 

708 

722 

713 

711 

702 

712 

703 

Note:  1. 
2. 

3. 

4. 


Site  data  are  calculated  from  test  data. 

Normalized  data  are  corrected  to  standard  pump  inlet  and  engine  ambient  pressure  conditions. 

Input  data  are  test  data  averaged  from  29  to  30  sec,  except  as  noted. 

Site  and  normalized  data  were  computed  using  the  Rocketdyne  PAST  640  modification  zero  computer  program. 


AEDC.TR. 68- 176 


AEDC-TR- 68-176 


APPENDIX  lit 
INSTRUMENTATION 


The  instrumentation  for  AEDC  tests  J4- 1801-  34  through  36  is  tabu¬ 
lated  in  Table  III-l.  The  location  of  selected  major  engine  instrumentation 
is  shown  in  Fig.  III-l. 
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TABLE  IIM 

INSTRUMENTATION  LIST  (FOR  TESTS  J4-1801-34  THROUGH  J4-1801-36) 


AEDC 

Parameter 

Tap 

Mlcro- 

Magnetic 

Oscillo¬ 

Strip 

X-Y 

Code 

No. 

Range 

SADIC 

Tape 

graph 

Chart 

Plotter 

Current 

amp 

ICC 

Control 

0  to  30 

X 

X 

IIC 

Ignition 

0  to  30 

X 

X 

Event 


EASIOV 

Augmented  Spark  Igniter  Oxidizer 

Valve  Open 

On/Off 

X 

X 

EE  CL 

Engine  Cutoff  Lockln 

On/Off 

X 

X 

EECO 

Engine  Cutoff  Signal 

On/Off 

X 

X 

X 

EPS 

Engine  Start  Command 

On/Off 

X 

X 

EFBVC 

Fuel  Bleed  Valve  Closed  Limit 

Open/doBed 

X 

EFPVC/O 

Fuel  Prevalve  dosed /Open  Limit 

dowd/Open 

X 

EHCS 

Helium  Control  Solenoid 

On/Off 

X 

X 

EU> 

Ignition  Detected 

On/Off 

X 

X 

EIPCS 

Ignition  Phase  Control  Solenoid 

On/Off 

X 

X 

EMC5 

Main-Stage  Control  Solenoid 

On/Off 

X 

X 

EKP-1 

Main-Stage  Pressure  No.  1 

On/Off 

X 

X 

EMP-2 

Main -Stage  Pressure  No.  2 

On/Off 

X 

X 

EOBVC 

Oxidizer  Bleed  Valve  dosed  Limit 

Open/Closed 

X 

ECFVC 

Oxidizer  Prevalve  dosed  Limit 

Closed 

X 

X 

EOPVO 

Oxidizer  Prevalve  Open  Limit 

Open 

X 

X 

ESTDCS 

Start  Tank  Discharge  Control  Solenoid 

On/Off 

X 

X 

X 

RASIS-1 

Augmented  Spark  Igniter  Spark  Ho.  1 

On/Off 

X 

FASIS-2 

Augmented  Spark  Igniter  Spark  No.  2 

On/Off 

X 

RGGS-1 

Gas  Generator  Spark  No.  1 

On/Off 

X 

ROGS-2 

Gas  Generator  Spark  No.  2 

On/Off 

X 

Flows  gpm 


QF-1A 

Fuel 

FFF 

0  to  9000 

X 

X 

QF-2 

Fuel 

PFFA 

0  to  9000 

X 

X 

X 

QF-1SAM 

Fuel  Flow  Stall  Approach  Monitor 

0  to  9000 

X 

X 

QFRP 

Fuel  Recirculation 

0  to  160 

X 

QO-LA 

Oxidizer 

POF 

0  to  3000 

X 

X 

QO-2 

Oxidizer 

POFA 

0  to  3000 

X 

X 

X 

QOKP 

Oxidizer  Recirculation 

0  to  50 

X 

Position 

Percent 

Open 

LFVT 

Main  Fuel  Valve 

0  to  100 

X 

X 

LGGVT 

Gas  Generator  Valve 

0  to  100 

X 

X 

LOTBVT 

Oxidizer  Turbine  Bypass  Valve 

0  to  100 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  to  100 

X 

X 

X 

LPUTOP 

Propellant  Utilization  Valve 

0  to  100 

X 

X 

LSTDVT 

Start  Tank  Discharge  Valve 

0  to  100 

X 

X 

Pressure 

pala 

PA1 

Test  Cell 

0  to  0.5 

X 

X 

PA2 

Test  Cell 

0  to  1.0 

X 

X 

PA3 

Test  Cell 

0  to  5.0 

X 

PC-1P 

Thrust  Chamber 

CGI 

0  to  1000 

X 

PC-3 

Thrust  Chamber 

CG1A 

0  to  1000 

X 

X 

X 

PCBO-1 

Constant  Bleed  Orifice 

0  to  50 

X 

P0GG-1P 

Gas  Generator  Chamber  Pressure 

0  to  1000 

X 

X 

X 

PCGG-2 

Gas  Generator  Chamber 

GG1A 

0  to  1000 

X 

PFASU 

Augmented  Spark  Igniter  Fuel  Injection 

0  to  1000 

X 

PFJ-1A 

Main  Fuel  Injection 

CF2 

0  to  1000 

X 

X 

PFJ-2 

Main  Fuel  Injection 

CF2A 

0  to  1000 

X 

X 

FFJGG-iA 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

PFJGG-2 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

X 

PFMI 

Fuel  Jacket  Inlet  Manifold 

CF1 

0  to  2000 

X 

PFPC-1A 

Fuel  Pump  Balance  Piston  Cavity 

PF5 

0  to  1000 

X 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  1500 

X 

PFPD-2 

Fuel  Pump  Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFPI-1 

Fuel  Pump  Inlet 

0  to  100 

X 

X 

PFPI-2 

Fuel  Pump  Inlet 

0  to  200 

X 

X 

PFPI-3 

Fuel  Pump  Inlet 

0  to  200 

X 

PFPPSD-1 

Fuel  Pump  Primary  Seal  Drain 

0  to  200 

X 

PFPPSD-2 

Fuel  Pump  Primary  Seal  Drain 

0  to  100 

X 
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TABLE  lll-l  (Continued) 


AEDC 

1*P 

jHlcro- 

Magnetic 

Code 

Parameter 

ley 

Range 

' BADIC 

Tape 

Pressure 

psla 

FTPS -IP 

Fuel  Pump  Interstage 

PF6 

0  to  200 

X 

FFRPO 

Fuel  Reeirculation  Pump  Outlet 

0  to  60 

X 

FFRPR 

Fuel  Recirculation  Pump  Return 

0  to  50 

X 

PFST-IP 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

PFST-2 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

PFTBP-l 

Fuel  Turbine  Seal  Purge  Line 

0  to  100 

X 

PFUT 

Fuel  Tank  Ullage 

0  to  100 

X 

PFVI 

Fuel  Tank  Pressuri action  Line 

Bottle  Inlet 

0  to  1000 

X 

PFVL 

Fuel  Tank  Pressurization  Line 

Nozzle  Throat 

0  to  1000 

X 

PGGOC 

Gas  Generator  Opening  Control 

0  to  500 

X 

FGGVB 

Gas  Generator  Valve  Body 

0  to  50 

X 

FHECMO 

Pneumatic  Control  Module  Outlet 

0  to  750 

X 

PHEOP 

Oxidizer  Reeirculation  Pump  Purge 

0  to  150 

X 

PHES 

Helium  Supply 

0  to  5000 

z 

PHET-1P  .4 

Helium  T^nk 

m 

0  to  3500 

z 

PHET-2 

Helium  Tank 

rod 

0  to  3500 

x 

PHRO-U 

Helium  Regulator  Outlet 

NN2 

0  to  T50 

z 

X 

POBSC 

Oxidizer  Bootstrap  Conditioning 

0  to  50 

X 

PttBV 

Gas  Generator  Oxidizer  Bleed  Valve 

002 

0  to  2000 

z 

P0J-1A 

Main  Oxidizer  Injection 

C03 

0  to  1000 

z 

POJ-2 

Main  Oxidizer  Injection 

C03A 

0  to  1000 

z 

POJGG-1A 

Gas  Generator  Oxidizer  Injeotlon 

005 

0  to  1000 

z 

POJGG-2 

Gas  Generator  Oxidizer  Injection 

005 

0  to  1000 

z 

POPBC-1A 

Oxidizer  Pump  Bearing  Coolant 

POT 

0  to  500 

z 

POFD-1P 

Oxidizer  Pump  Discharge 

P03 

0  to  1500 

z 

POPD-2 

Oxidizer  Pump  Discharge 

P02 

0  to  1500 

x 

X 

POPI-1 

Oxidizer  Pump  Inlet 

0  to  100 

x 

POPI-2 

Oxidizer  Pump  Inlet 

0  to  200 

z 

POPI-3 

Oxidizer  Pump  Inlet 

0  to  100 

POPSC-1A 

Oxidizer  Punp  Primary  Seal  Cavity 

P06 

0  to  50 

z 

~¥orpo 

Oxidizer  Reeirculation  Pump  Outlet 

0  to  115 

x 

PORPH 

Oxidizer  Reeirculation  Pump  Return 

0  to  100 

z 

P0TI-1A 

Oxidizer  Turbine  Inlet 

T03 

0  to  200 

z 

POTO-1A 

Oxidizer  Turbine  Outlet 

TC4 

0  to  100 

z 

PCUT 

Oxidizer  TOnk  Ullage 

0  to  100 

z 

POVCC 

Main  Oxidizer  Valve  Closing  Control 

0  to  500 

z 

X 

POYI 

Oxidizer  Tank  Pressurization  Line 

Nozzle  Inlet 

0  to  1000 

z 

POVL 

Oxidizer  Tank  Pressurization  Line 
lfozzle  Throat 

0  to  1000 

x 

PPUVI-1A 

Propellant  Utilization  Valve  Inlet 

P08 

0  to  1000 

z 

FPUVO-1A 

Propellant  Utilization  Valve  Outlet 

P09 

0  to  500 

z 

PTCPJP 

Thrust  Chamber  Fuel  Jacket  Purge 

0  to  100 

z 

PTCP 

Thrust  Chamber  Purge 

0  to  15 

z 

PTPP 

Turbopump  and  Gas  Generator  Purge 

0  to  250 

z 

Speeds 

as 

NFP-1P 

Fuel  Pump 

PFV 

0  to  30,000 

z 

z 

NFRP 

Fuel  Reeirculation  Pump 

0  to  15,000 

z 

NOP-1P 

Oxidizer  Pump 

POV 

0  to  12,000 

z 

z 

NORP 

Oxidizer  Recirculation  Pump 

0  to  15,000 

z 

Temperatures 

°F 

C2036 

Temperature  Oxidizer  Bootstrap 

-300  to  -*250 

z 

C2037 

Temperature  Oxidizer  Bootstrap 

-300  to  +250 

z 

TA1 

Test  Cell  (North) 

-50  to  +600 

z 

1A2 

Test  Cell  (East) 

-50  to  +800 

z 

TA3 

TA4 

Test  Cell  (South) 

Test  Cell  (Vest) 

-50  to  +800 
-50  to  +800 

z 

z 

TAIP-1A 

Auxiliary  Instnmwnt  Package 

-300  to  +200 

z 

TBPM 

Bypass  Manifold 

-325  to  +200 

z 

TBSC 

Oxidizer  Bootstrap  Conditioning 

-350  to  +150 

z 

TECP-1P 

Electrical  Controls  Package 

NST1A 

-300  to  +200 

z 

TPASU 

Augmented  Spark  Igniter  Fuel 

Injection 

irm 

-425  to  +100 

z 

TTASIL-1 

Augmented  Spark  Igniter  Line 

-300  to  +200 

z 

TFASIL-2 

Augmented  Spark  Igniter  Line 

-300  to  +300 

z 

TFBV-1A 

Fuel  Bleed  Valve 

om 

-485  to  -375 

z 

TFD-1 

Fire  Detection 

0  to  1000 

X 

TFJ-1F 

Main  Fuel  Injection 

CFT2 

-425  to  -t£50 

X 

z 

OselUo-  Strip 
graph  Chart 


x 


x 


z 


z 


z 


z 


z 


X 


r-Y 


Plotter 


z 


z 

z 
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TABLE  111-1  (Continued) 


AEDC 

Tap 

Mlcro- 

Magnetic 

Oscillo¬ 

Strip 

Cods 

Parameter 

Mo. 

Range 

SADIC 

Tape 

graph 

Chart 

Temperatures 

®F 

TFFD-1P 

Fuel  Pump  Discharge 

PFT1 

-425  to  -400 

x 

X 

X 

TFPD-2 

Fuel  Pump  Discharge 

prn 

-425  to  -4 00 

x 

TFPDD 

Fuel  Pump  Discharge  Duct 

-320  to  +300 

X 

TFPI-1 

Fuel  Pump  Inlet 

-425  to  -4 00 

X 

TFPI-2 

Fuel  Pump  Inlet 

-425  to  -400 

X 

TFPFSD-1 

Fuel  Pump  Primary  Seal  Drain 

-425  to  +100 

X 

TFPSP-1 

Fuel  Pump  Seal  Purge 

-425  to  +100 

X 

TFRPO 

Fuel  Recirculation  Punp  Outlet 

-425  to  -410 

X 

TFRFR 

Fuel  Recirculation  Pump  Return  Line 

-425  to  -250 

X 

TFRT-1 

Fuel  Tank 

-425  to  -410 

X 

TFRT-3 

Fuel  Tank 

-425  to  -410 

X 

TFST-1P 

Fuel  Start  Tank 

TFTl 

-350  to  +100 

X 

TFST-2 

Fuel  Start  Tank 

TFT1 

-350  to  +100 

X 

TFTD-1 

Fuel  Turbine  Discharge  Duct 

-200  to  +800 

X 

TFTD-2 

Fuel  Turbine  Discharge  Duct 

-200  to  +1000 

X 

X 

TFTD-3 

Fuel  Turbine  Discharge  Duct 

-200  to  +1000 

X 

X 

TFTD-4 

Fuel  Turbine  Discharge  Duct 

-200  to  +1000 

X 

TFTD-5 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

tftd-6 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

TFTD-7 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

tftd-8 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

X 

TFTC 

Fuel  Turbine  Outlet 

TFT2 

0  to  l800 

X 

TF TED-1 

Fuel  Turbine  Seal  Drain  Line 

-300  to  +100 

X 

TGG0-1A 

Gas  Generator  Outlet 

GGT1 

0  to  1800 

X 

X 

X 

TGGVRS 

da a  Generator  Valve  Retaining  Screw 

-100  to  +100 

X 

X 

THET-1P 

Helium  Tank 

urn 

-350  to  +100 

X 

TT»!FV-1 

Main  Fuel  Valve 

-100  to  +300 

X 

TMFV-2 

Main  Fuel  Valvs 

-100  to  +300 

X 

TROUP 

Liquid  Oxygen  Dame  Purge 

0  to  -300 

X 

TOBS-1 

Oxidizer  Bootstrap  Line 

-300  to  -*250 

X 

TOBS-2 

Oxidizer  Bootstrap  Line 

-300  to  -*250 

X 

T0BS-2A 

Oxidizer  Bootstrap  Line 

-300  to  -*250 

X 

T0BS-2B 

Oxidizer  Bootstrap  Line 

-300  to  -*250 

X 

TOBS-1* 

Oxidizer  Bootstrap  Line 

-300  to  *250 

X 

TOBV-1A 

Oxidizer  Bleed  Valve 

GOT2 

-300  to  -250 

X 

TOPB-1A 

Oxidizer  Pump  Bearing  Coolant 

FOT«* 

-300  to  -250 

X 

TOPD-1P 

Oxidizer  Pump  Discharge 

P0T3 

-300  to  -250 

X 

X 

X 

X 

TOPD-2 

Oxidizer  Pump  Discharge 

POT3 

-300  to  -250 

X 

TOPI-1 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

TOPI-2 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

TORPO 

Oxidizer  Recirculation  Pump  Outlet 

-300  to  -250 

X 

TOKPR 

Oxidizer  Recirculation  Pump  Return 

-300  to  -140 

X 

TOFT-1 

Oxidizer  Tank 

-300  to  -287 

X 

TORT-1B 

Oxidizer  Tank 

-300  to  -287 

X 

TORT-3 

Oxidizer  Tank 

-300  to  -287 

X 

TOTI-1P 

Oxidizer  Turbine  Inlet 

TCT3 

0  to  1200 

X 

X 

TO TO- IP 

Oxidizer  Turbine  Outlet 

TGT4 

0  to  1000 

X 

TOVL 

Oxidizer  Tank  Pressurization  Line 

Nozzle  Throat 

-300  to  +100 

X 

TPCC 

Prechill  Controller 

-425  to  -300 

X 

TPIP-1P 

Primary  Instrument  Package 

-300  to  -*200 

X 

TSC2-1 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-2 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-3 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-4 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSG2-5 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-6 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-7 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-8 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-9 

Thrust  Chamber  Skin 

-300  to  *500 

X 

TSC2-10 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-11 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-12 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-13 

Thrust  Chamber  Skin 

-300  to  +500 

X 

X 

TSC2-14 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-15 

Thrust  Chamber  Skin 

-300  to  +500 

X 

T5C2-1 6 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-17 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-18 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-19 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-20 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-21 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-22 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-23 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-2U 

Thrust  Chamber  Skin 

-300  *0  +500 

X 
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TABLE  IIM  (Concl 

luded) 

AE DC 

Tap 

Micro- 

Magnetic 

Oscillo¬ 

Strip 

Code 

Parameter 

No. 

foogc 

SADIC 

TSpe 

graph 

Chart 

Temperatures 

°F 

TSOVAL-1 

Oxidizer  Valve  Closing  Control 

Line 

-200  to  +100 

X 

TSOVC-l 

Oxidizer  Valve  Actuator  Cap 

-325  to  +150 

X 

X 

TBTC 

Start  Tank  Cooditiooing 

-350  to  +150 

X 

TSTDVOC 

Start  Tank  Discharge  Valve  Opening 

Cootrol  Port 

-350  to  +100 

X 

X 

TTC-1P 

Thrust  Chamber  Jacket  (Control) 

CS1 

-425  to  4500 

X 

X 

TTC-2 

Thrust  Chamber  Jacket  (Cootrol) 

CS1A 

-425  to  +500 

X 

X 

TTCEP-1 

Thrust  Chamber  Exit 

-425  to  +500 

X 

TTPP 

Turbopump  Purge 

-150  to  +150 

X 

X 

Vibrations 

£ 

UFPR 

Fuel  Pump  Radial  90  deg 

+200 

X 

X 

UOPR 

UTCD-1 

UTCD-2 .  . 

WR2D-3^< 

UTCD-4'^' 

U1VSC 

U2VSC 


VCB 

VIB 

VIDA 

VRJTEP 


Oxidizer  Pump  Radial  90  deg 

Thrust  Chamber  Dome 

Thrust  Chamber  Dome 

Thrust  Chamber  Dome 

Thrust  Chamber  Dome 

No.  1  Vibration  Safety  Counts 

No.  2  Vibration  Safety  Count s 

Voltage 

Cootrol  Bus 
Ignition  Bus 

Ignition  Detect  Amplifier 
Propellant  Utilization  Valve 
Excitatioo 


*200 

^00 

+£00 

+500 

+500 

On/Off 

on/orr 

volts 

0  to  36 
0  to  36 
9  to  16 

0  to  5 


(1) 

(2) 


Used  00  teBt  34  only 

Used  oo  all  tests  after  test 


3^ 


X-Y 

Plotter 
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-  A 


a.  Engine  Pressure  Tap  Locations 
Fig.  MI-1  Instrumentation  Locations 
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TSOVC-1 


TSOVAL-1 


Sequence 
Outlet— | 


Opening  Port 


POVCC 


Main  Oxidizer  Valve 
Closing  Control  Line 


Opening  Port 


Balance  Pressure  Port  y 


Inlet  Port 


c.  Main  Oxidizer  Valve 
Fig.  Ill-l  Continued 


-  \'/>v 

^  THw  •  s 

^  °?ing  J 

l 

I, 

mm  vsffi 

□d  w 

Four-Way  Valve 


d.  Start  Tank  Discharge  Valve 
Fig.  Ill-l  Continued 
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179 


7> 


4.5TI 

3 

li 


TOBS-4 


-T0BS-2A 

-T0BS-2B 

-TOBS-3 


T 

sA 


ALL  DIMENSIONS  IN  INCHES 


e.  Gat  Generator  Oxidizer  Supply  Line 
Fig.  Ill-l  Continued 


TOBS-1 
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TSC2-3 

TSC2-2 

TSC2-I 


TUBE  68 


TSC2 
TSC2-5 
TSC2-4 


TUBE  42, 


TUBE  392 

TSC2-7 
TSC2-8 
T SC 2-9 


TSC2-IO 

TSC2-I 


TSC2-I2 


T SC 2-20 

TSC2-2I 

TSC2-22 

TSC2-23 

TSC2-24 


hatbands 

EXIT  PLANE 


TSC2-I9 

TSC2-I8 

TSC2-I7 


TUBE  206 


TSC2-I3 

TSC2-I4 

TSC2-I5 

TSC2-I6 


VIEW  LOOKING  AFT 


f.  Thrust  Chamber 
Fig.  I II- 1  Continued 
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APPENDIX  IV 

METHODS  OF  CALCULATION  (PERFORMANCE  PROGRAM) 


TABLE  IV-1 

PERFORMANCE  PROGRAM  DATA  INPUTS 


Item 

No. 

Parameter 

1 

Thrust  Chamber  (Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures,  ‘ ' 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

6 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

9 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

Propellant  Utilization  Valve  Position,  volts 

11 

Fuel  and  Oxidizer  Pump  Speeds,  rpm 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidiz.er  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  °F 

17 

Oxidizer  Turbine  Discharge  Temperature,  °F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  calculated  from 
gas  generator  chamber  pressure. 
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NOMENCLATURE 


A 

B 

C* 

Cp 

D 

H 

h 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

z 

J3 

7 

n 

e 

p 


Area,  in.2 

Horsepower,  hp 

Characteristic  velocity,  ft/sec 

Specific  heat  at  constant  pressure,  Btu/lb/°F 

Diameter,  in. 

Head,  ft 

Enthalpy,  Btu/lbm 
Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec 2 /ft 3- in. 2 
Mixture  ratio 
Temperature,  °F 

Theoretical  characteristic  velocity,  ft/sec 
Weight  flow,  lb/sec 
Pressure  drop,  psi 
Ratio 

Ratio  of  specific  heats 

Efficiency 

Degrees 

Density,  lb/ft2 


SUBSCRIPTS 

A  Ambient 

AA  Ambient  at  thrust  chamber  exit 

B  Bypass  nozzle 
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BIR 

BNI 

C 

CF 

CO 

CV 

E 

EF 

EM 

EO 

EV 

e 

em 

F 

FIT 

FM 

FY 

f 

G 

GF 

GO 

HI 

H1R 

H2R 

IF 

10 

ITF 

ITO 

N 

NB 


Bypass  nozzle  inlet  (Rankine) 

Bypass  nozzle  inlet  (total) 

Thrust  chamber 

Thrust  chamber,  fuel 

Thrust  chamber,  oxidizer 

Thrust  chamber,  vacuum 

Engine 

Engine  fuel 

Engine  measured 

Engine  oxidizer 

Engine,  vacuum 

Exit 

Exit  measured 
Thrust 

Fuel  turbine  inlet 
Fuel  measured 
Thrust,  vacuum 
Fuel 

Gas  generator 

Gas  generator  fuel 

Gas  generator  oxidizer 

Hot  gas  duct  No.  1 

Hot  gas  duct  No.  1  (Rankine) 

Hot  gas  duct  No.  2  (Rankine) 

Inlet  fuel 

Inlet  oxidizer 

Isentropic  turbine  fuel 

Isentropic  turbine  oxidizer 

Nozzle 

Bypass  nozzle  (throat) 


184 


AEDC-TR.  68-176 


NV 

Nozzle,  vacuum 

O 

Oxidizer 

oc 

Oxidizer  pump  calculated 

OF 

Outlet  fuel  pump 

OFIS 

Outlet  fuel  pump  isentropic 

OM 

Oxidizer  measured 

OO 

Oxidizer  outlet 

PF 

Pump  fuel 

PO 

Pump  oxidizer 

PUVO 

Propellant  utilization  valve  oxidizer 

RNC 

Ratio  bypass  nozzle,  critical 

SC 

Specific,  thrust  chamber 

SCV 

Specific  thrust  chamber,  vacuum 

SE 

Specific,  engine 

SEV 

Specific,  engine  vacuum 

T 

Total 

To 

Turbine  oxidizer 

TEF 

Turbine  exit  fuel 

TEFS 

Turbine  exit  fuel  (static) 

TF 

Fuel  turbine 

TIF 

Turbine  inlet  fuel  (total) 

TIFM 

Turbine  inlet,  fuel,  measured 

TIFS 

Turbine  inlet  fuel  isentropic 

TIO 

Turbine  inlet  oxidizer 

t 

Throat 

V 

Vacuum 

V 

Valve 

XF 

Fuel  tank  repressurant 

XO 

Oxidizer  tank  repressurant 
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PERFORMANCE  PROGRAM  EQUATIONS 


MIXTURE  RATIO 


Engine 


Weo  =  Wom  -  WX0 

WEF  =  W FM  -  WXF 

We  =  Weo  +  Wef 

Thrust  Chamber 


rC  = 

Weo 

Wcf 

WCO  = 

Wom  - 

Wxo  - 

-  Wgo 

WeF  = 

WfM  - 

Wxf  - 

-  Wgf 

WX0  = 

0.9  lb/sec 

Wxf  = 

2.1  Ib/sec 

Weo  = 

Wx  - 

WgF 

WcF  = 

Wt 

1  +  rG 

WT  =  PTIF  ATIF  K7 

tc*tif 


K7  =  32.174 

Wc  =  Weo  +  Wcf 


CHARACTERISTIC  VELOCITY 

Thrust  Chamber 


C* 


k7  Pc  A, 

Wc 


K7  =  32.174 
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DEVELOPED  PUMP  HEAD 

Flows  are  normalized  by  using  the  following  inlet  pressures,  tem¬ 
peratures,  and  densities. 

PlO  =  39  psia 
PlF  =  30  psia 
Pjq  =  70.79  lb/ft* 

Pip  =  4.40  Ib/ft1 

Tio  =  -295.212  °F 
Tif  =  -422.547  °F 

Oxidizer 

K4  =  144 

p  =  National  Bureau  of  Standards  Values  f  (P,T) 

Fuel 

H{  =  778.16  AhOFIS 
AhoFIS  =  hoFIS  -  hlF 
ho  FIS  =  f(P,T) 
hlF  =  KP,T) 


PUMP  EFFICIENCIES 


Fuel,  Isentropic 

Vi  = 


hOFIS  -  hlF 
hQF  “  hIF 


hoF  =  f(POF.ToF) 


Oxidizer,  Isentropic 


Vo  =  Voc  Yo 

voc  =  R40  (l^)  +  Rso  0^)+  K«o 

K40  =  5.0526 
Kso  =  3.8611 
K60  =  0.0733 
Yo  =  1.000 
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TURBINES 


Oxidizer,  Efficiency 


„  _  bto 

^TO  Bjto 


Bto  =  k5 


WpQ  Hq 
Vo 


Ks  =  0.001818 


WPO  =  WOM  +  WpuvO 

»PUVO 


Zpuvo  =  A  +  B  (Poo) 

A  =  -1597 

B  =  2.3828 

IF  POO  >  1010  Set  Poo  =  1010 

flpuvo 

£n  Rv  =  A3  +  B3  (0PUVO)  +  C  (0PUVO)3  +  D3  (e) 

flpuvo  0PUVO  2 

+  E3  (0puvo)  W  +  Fg  (e) 

Ag  =  5.5659  X  10-1 

B3  =  1.4997  x  i0“2 

C3  =  7.9413  x  10“6 

D3  =  1.2343 

Eg  =  -7.2554  x  10-2 
Fg  =  5.0691  x  10-2 
0PUVO  =  16.5239 


Fuel,  Efficiency 


*?TF  = 


btf 

Bitf 


Bitf  =  K10  Ahf  WT 
Ahf  =  hTIF  -  hTEF 
Btf  =  Bpf  =  k5  ^ Hf^ 

WPF  =  WFM 


K10  =  1.4148 
Its  =  0.001818 
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Oxidizer,  Developed  Horsepower 
Bto  =  Bpo  +  K56 


Bpo 


K  wpo  Ho 


fo 


K56  =  -15 


Fuel,  Developed  Horsepower 
Btf  =  Bpf 
bpf  -  ks  Wp;[H| 

Wpf  =  Wfm 

Fuel,  Weight  Flow 

Wtf  _  w'-p 

Oxidizer  Weight  Flow 

Wto  =  Wt  -  Wp 


2 

yH?-i  -j 

Wb  = 

2*7  YE2  ,p  . 

— -  (PRNC) 

y  h  2 — 1 

yH2 

l  -  (Prnc) 

—  _ 

anb  pbni 

<RH2TB[H)  x 


PRNC 

j8nb 

y H2*  MH2 
Anb 

Ki3 

Tbir 

PBN! 

Ptefs 


f  (0NB.  VH  2^ 

Dnb 

Db 

KTH2R.  rG) 


=  K 


13  1JNB 


0.7854 

Ttio  -  ^0 
Ptefs 

Iteration  of  PtEF 


Ptef  =  Ptefs 


[\  .  K.  f  Wt  V  TH 2 R  (  yH2-l\~ 

|_  ^PTEFS  f  d*TEF  MH2  y  yH2  / 


y  h; 


VH2-1 


Kb  =  38.8983 


189 


AEDC-TR.68-176 


GAS  GENERATOR 


Mixture  Ratio 

re  =  Dj  (Thi)3  +  C^Thi)2  +  B^Thi)  + 

A  j  =  0.2575 

Bx  =  5.586  x  10“4 
Cx  =  -5.332  x  lO"9 
Dx  =  1.1312  x  10“n  ' 

Thi  =  Ttifm 


Flows 


TC*tif  =  D2(Thi)3  +  C2(Thi)2  +  B2(Thi)  +  A2 


2 

C2 

d2 

Ptif 


4.4226  x  10a 
3.2267 

-1.3790  x  KT3 
2.6212  x  10~7 


PTIFS 


tHir  i  ~  1 

d4tif  mhx  yH1 


K0  =  38.8983 


Note:  PtIF  is  determined  by  iteration. 

Thir  =  Ttif 


Mhi,  yHl,  Cp,  THI  =  f  (Thir,  tg) 


yHi 
yHi  -i 
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12.  SPONSORING  MILI  TARY  ACTIVITY 

NASA,  Marshall  Space 
Flight  Center  (I-E-J) , 
Huntsville,  Alabama 


Twelve  firings  of  the  Rocketdyne  J-2  rocket  engine  (S/N  2047)  were 
conducted  in  Test  Cell  J-4  of  the  Large  Rocket  Facility  on  March  27  and 
April  2  and  10,  1968.  These  firings  were  accomplished  during  test 
periods  J4- 1801-34,  J4-1801-35,  and  J4-1801-36  at  pressure  altitudes 
of  approximately  100,000  ft  at  engine  start  to  investigate  S-IVB  (1) 
first  burn  firings,  (2)  6-hr  orbital  coast  restart  simulation  firings, 

(3)  80-min  orbital  coast  restart  simulation  firings,  and  (4)  a  partial 
transition  firing  to  evaluate  thrust  chamber  conditioning  temperature 
effects  on  engine  start  transients.  Engine  operation  was  satisfactorily 
accomplished  for  all  firings.  One  abort  resulted  when  a  leak  developed 
in  the  diaphragm  of  the  engine  pneumatic  regulator.  The  accumulated 
firing  duration  for  the  three  test  periods  was  205  sec.  The  total 
firing  duration  of  this  engine  at  AEDC  through  test  period  J4-1801-36 
is  1141  sec  resulting  from  91  engine  firings. 
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